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EXECUTIVE SUMMARY 



BACKGROUND 

Remedial Action Plans (RAPs) are underway In Ontario for 1 7 areas of concem as identified by the 
international Joint Commission (IJC). Tiie Toronto Waterfront has been designated as one of tlie 17 
areas of concern. The IJC has recommended tfie development of a RAP in order to: 

provide coordinated and ongoing direction with respect to restoration of the waterfront 

to its desired uses: and to 

address the issues of concern which include swimnning. aesthetics, fish consumption, 
aquatic sediments, aquatic biota, habitat and drinking water (Metro Toronto RAP. 1988). 

The Ministry of the Erwironment and Environment Canada are working together with the pyblle to 
jointly develop the RAP. An ecosystem approach will be used to restore water quality and protect the 
aquatic environment of the Metro Toronto Waterfront. 

The RAP will identify the causes of pollution and proposed measures for remediation. One Identified 
source of pollution is the direct discharge from one hundred and three (1 03) waterfront storm sewer 
outfalls, some of which, during rainfall periods, contain combined sewer overflow (combined sanitary 
sewage and stormwater runoff). 

Wet weather discharges from sewer outfalls along the waterfront have contributed to: 

closure of beaches, due to high levels of bacteria, particularly for those outfalls which 
discharge combined sewage overflow; 

elevated levels of nutrients, organics and heavy metals originating from surface runoff; 
and 

locally stressed aquatic systems adjacent to specific outfalls (BEAK et at., 1 987). 
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The Toronto Waterfront RAP team, in reviewing the findings from previous studies recognized a 
deficiency in the loadings database, speciflcaliy as it relates to the estimates of various contaminant 
inputs including storm and combined sewers. In an effort to better quantify contaminant inputs from 

direct sewer discharges to the waterfront, several studies were initiated by the Ontario Miinistiry of the 
Environment. 

Collectively the studies will provide estimates of dry and wet weather contaminant loadings lor a wide 

range of conventional and toxic organic pollutants from direct discharges along the City of Etobicoke, 
Scarborough and Toronto waterfronts. 

The olt^active of this report is to present estimates of wet weather contaminant concentratjons and 
loadings for storm and combined sewers located along the waterfront within the Cities of Etobicoke 
and Scarborough. The study area is shown in Figure 1 . 

Wet weather concentrations and loading estimates for direct discharges wlhln the City of Toronto are 
being prepared in an ongoing study (Aquafor. 1991 in progress). Dry weather concentrations and 
loading estimates for direct discharges along the waterfront wihin the Cities of Etobicoi<e. Toronto and 
Scarborough have already been estimated (BEAK, 1 991 ) , Wet and dry weather contaminant loadings 
which discharge from the major tributaries to the waterfront are being estimated in an ongoing study 
(MOE/Metro Toronto 1991, in progress). 

SCOPE OF WORK 

B 

! 

The scope of work involved the characterlzalion of pollutant discharges and quantification of flow 
volymes to estim.ale contamiinant loadings for ail w^aterfront outfalls. The :study components can be 
summarized by three tasks: 

• a field program- 

• development of a runoff prediction model and- 

• analysis of contaminant discharges. 
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FIGURE 1 



Ttie field program consisted of measuring flow and collecting samples of urban runoff within the study 
area. Due to the large number of outfalls along the waterfront and limited resources, it was impractical 
to measure and sample runoff from all outfalls. Nine representative monitoring stations were selected 
which would characterize contaminant discharges from various land uses, Two addrtional stations 
were monitored to estimate loadings from a combined sewer overflow located upstream of the Metro 
Humber Sewage Treatment Plant (Berry Street overflow) and the Metro Main Sewage Treatment Plant 
bypass. A range of rainfall events were sampled because different quantities of rainfall directly affect 
the volume of discharge and may also affect the quality of the discharge. 

The flow data collected at the representative monftoring stations and rainfall data collected during the 
study was then used in the development of a runoff prediction model. This data served to calibrate 
the model for application to the required waterfront catchments. In addition, historical rainfall data 
from a number of rain gauges in the Metropolitan Toronto area were analyzed in the selection of a 
typical rainfall year for model application. This data, along with historical flow data from area 
tributaries were analyzed to evaluate the seasonal variability in mnoff discharge volumes. 

The contaminant data collected was statistically analyzed to detemiine the variabiHty in contaminant 
concentrations with discharge volumes and between stations. Summaries of Event Mean 
Concentrations (EMCs) were averaged to provide Average Event Mean Concentrations (AEMCs). For 
many contaminants special statistical techniques were used to analyze data with concentrations which 
were less than the detection limit. Estimates of contaminant loadings were computed as the product 
of the estimated average event mean concentration (AEMC) and the predicted mnoff volumes. 
Estimates of seasonal loadings for the summer/fall and winter/spring periods and annual loadings 
were provided. 

The estimaed seasonal and annual loadings for 47 water quality parameter are presented in Tables 
1 . 2 and 3. 

A summary Is presented in Table 4 of the constituent concentrations observed in the following 
sources: 

• dry weather outfalls (winter 1 989 data) ; 

• stormwater outfalls during wet weather (fall 1 989 data): 
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TABLE 1 SUMMARY OF ESTIMATED 

SUMMEWFALL LOADINGS 



PARAMiTiR 



UNITS ETOBICOKE 
STORM 



SCARBOROUGH 
CSO STORM 



TOTAL 



GENERAL CHEMISTRY 












Chimlcal Oxygen Damand 


m 


1 .579,000 


547.000' 


1,358,000 


3„4M,0Oa' 


IHIarclness 


m 


436,000 


ISO.iBOO' 


374,800 


§61.600. 


Phenoltes (4AA,P) 


m 


35 


12 


30 


77 


Total suspend«d solte 


. m 


2:51,000 


S9,1S0 


220,900 


S68..050 


Ammc«ium 


m 


499 


172 


430 


1,101 


Nitrates 


m 


i,551 


2.262 


5,600 


14,41:3 


Nirtte 


m 


1107 


37 


92 


236 


Tola! Kjeldhal NHroitn 


m 


5.108 


1,767 


4,400 


11,275' 


Tolal Phosphorus 


m 


1 ,059 


366' 


900 


2,325 


BACTERIOLOGY 












i-coi 


Tcls 


7,868 


2.726 


6,760 


17„354 


Fecali GolSoirm MF 


Tcts 


1:1,270 


3.909 


S.700 


24,873 


HEAVY MiETALS 












SIver 


kg 


6 


fi 


S 


13 


jyu'ininum 


kg 


3.489 


1,207 


3,tJ00 


7,696 


Arsenic 


m 


2 


1 


t 


4 


Sarlum 


kg 


97 


33: 


83 


213 


Cadmiym 


kg 


i 


2 


5 


13 


Cliroimlumi 


kg • 


29 


to 


24 


83 


Copper 


kg 


249 


86 


210 


545 


Iron 


kg 


i.538 


3,295 


s,aeo ■ 


21 .OM! 


Mercuir^f 


g 


122 


42 


1C0 


214 


MOT^nes© 


kg 


■3S3 


122' 


300 


■775 


Nickel 


kg 


22 


7 


19 


4S 


Lead 


kg 


10S 


36 


90 


■231 


Stteniumi 


kg 


2 


1 


1 


4 


Zinc 


■ kg 


7M 


129 


320 


1 ,243 


ORGANOCHLORIDEPESTICIDES/CHLOROBENZENES 








A^ha-BHIC 


n^ 


4,026 


1,383. 


3,560 


8,819 


GamfTia-BHC 


m 


3,073 


1,063 


a,600 


6.736 


1 ,3.5-Trtehloirobenzen© 


mg 


4.277 


1,479 


3,700 


9,456 


1 .2.4-Tric:htorobeflizene 


mg 


B,706 


3.351 


8.300 


21.357 


1 .2.3-Trichlorobeni©n« 


mg 


4.356 


1,508 


3,700 


:i,S64.. 


Hexachkirobenzene 


mg 


619 


229 


568 


1.417 


PP DiiDiE 


mg 


3117 


117 


291 


726 


A^tha Chtor'taia 


rm 


.1,314 


«6 


1.206 


3.006 


Gariirna. Chtormm 


mg 


1,111 


429 


1.066 


2.657 


OP DDT 


mg 


il4 


227 


564 


1.405 


PP iDDT 


mg 


2,125 


7S6 


1,S51 


4.8i1 


DleMrin 


mg 


1,S46 


57:2 


1,420 


3.537 


Hsxachtoroalhane 


n^ 


■349 


129 


321 


799 


Hexachtorobyladien© 


n^ 


' 628 


231 


S75 


1.432: 


Trichtorotoluene 2-4-5 


m 


1,610 
6,308 


S§6 
2.W3- 


1^78 
S,791 


3,'684. 


TetachlorobenzanB 1-2-3-S 


rr^ 


14,432: 


Trichtorotoluene 2'-i-A 
PentaclilQroberiieiie 


rag 
mg 


1,482 
1.203 


548 

445 


1,3«1 
1,104 


3.M1 

2.7S2 



POLYNUCLiAR AROMATIC HYDROCARiOINS 



NapMhatona , 1 


1 527 


182 


4S0 


i,isi 


Acanaphthytona j 


1 36 


12 


30 


78 


Acon^hthena j 


I 178 


61 


ISO 


390 


FluorBne | 


1 :2:82 


97 


240 


619 


Phenanlhfen© 1 


1 2,,346 


811 


2.000 


5.157 


Anth:raiceni9 i 


1 97 


33 


83 


213 


Fluoranlhgne j 


1 3.178 


1.0S8' 


2,700 


6.977 


Pyrenie i 


1 2.139 


7M 


1,800 


4,678 


Boinzo (A) ftnthraeena „ j 


1 708 


245 


600 


1.SS3 


'Chrysanig | 


I 1,406 


•486 


1,200 


3,092 


ienzo (6) Fluoranthane i 


I 2,284 
I 1,^4 


790 


1.860 
1,300 


5,034. 


Benzo ifB-iK) FlJU'Ofarilliena | 


519' 


3.ffi0 


Senzo' (A) Pyre:ne i 


1 ' f jOH 


358 


900 


ijm4 


h'dano (1-2-3 C-D')Pyrenti i 


1 ■■ 4i8 


172 


430 


1,100' 


DlMinzo (A-H) AnHirarane i 


|i 234 


81 


200 


SIS' 


.BenzO' (G-'H-I) PiBn^ltene c 


J 591 


204 


S.-Kl 


1,295 



Tcts. - Tstra 'COU.nts (t0«12) T - Tonn.as, kg - kilograms, g - grams mg - milliigraiTO. 



TABLi 2 SUMiyiARY OF ESTIiyiATiD 
WINTER/SPRING LOADINGS 



PARAMiTiR 


UNITS 


ETOilCOKE 


SCARSOflOUGH 


TOTAL 






STORM 


cso 


STORM 




GENERAL CHEMISTRY 












Chemteil Oxyg«n Demand 


kg 


3.131.000' 


1.093,1000 


3.488,000 


7,712.000 


Hardness 


^ 


.8M,0O0i 


302.000 


'ii2,.300 


2.128,300 


Phenoltcs (4AAP) 


m 


70 


24 


77 


171 


Total suspended solids 


^ 


SIOjOOO 


178,<»0 


568,600 


1 ,256.6CH0 


Ammonium 


kg 


987 


■345 


i.too 


2.432 


mr^m 


leg 


12,9i2 


4,525 


14,400 


31,687 


Nirtta 


m 


214 


75 


240 


529 


Total Kjfldhal NNrogan 


m 


10,12i 


3,534 


11.300 


24,960 


Total Phosphorus 


kg 


2,098 


703 


2,300 


5,132 


iACTERIOLOGY 












E-Coll 


Tcts 


I5.5i0 


5,440 


17.350 


38.380 


Ft«l Colomfi MF 


Tct$ 


22,W8 


7.787 


24.900' 


55,035 


HEAVY METALS 












Silver 


»<g 


12 


4 


13 


29 


Aluminum 


m 


6,930 


2.413 


7,690 


17,033 


Arsenic 


kg 


4 


1 


3 


•8 


Barium 


kg 


194 


m 


200 


462 


Cadmltim 


kg 


12 


i 


13 


2B 


Chromium 


kg 


57 


m 


60 


137 


Copper 


i^g 


495 


172 


550 


1.217 


Iron 


kg 


18,8S6 


6.Si2 


21.000 


46.478 


Mercurv 


g 


242 


85 


270 


597 


Mangaxtese 


-kg 


700 


244 


760 


1,704 


Nickef 


kg 


45 


Si 


SO' 


110 


Lsad 


^ 


210 


m 


230 


513 


Selerium 


kg 


4 


1 


3 


3 


Zinc 


kg 


741 


259 


§30 


1.830 


ORGANOCHLORIDiPESTlCIDES/CHLOROBENZENES 








A^ha-BHC 


tng 


7.977 


2.786 


S,^D 


19.653 


Gamnfia-8HC 


n^ 


6.o§g 


2,126 


1,780 


15,005 


1 ,3.5-Trichlorobenz6ne 


mg 


8.47S 


2.955 


9,440 


20.874 


1 ,2,4-Tr}chlorobenz6ne 


mg 


19,217 


6,701 


21,390 


47.308 


1 ,2,3-Trtch!orobenzene 


mg 


8,e4S 


3.021 


i.620 


21,287 


II Ul L. 


mg 


1,^8 


458 


1,137 


2,833 


Hexachlorooenzene 




PR DDE 


mg 


63S 


23S- 


583 


1.452 


Alpha Chlordane 


mg 


-2.626 


972 


2.412 


6,012 


Gamma Chlordane 


mg 


2.323 


858 


Z.IM 


5,314 


OP DDT 


m 


1228 


4S4 


1,127 


2.809 


PPDDT 


mg 


4.249 


1.571 


3.S01 


.9.722 


Dtekinn 


mg 


3 092 


1.144 


2.8^ 


7.07S 


HexacWoroelhane 


mg 


, 698 


258. 


641 


1.588 


Hexachiorobutadlene ■ 


i^i 


1.252 


4^1 


i.i4i 


1,864 


Trichlorotottjene 2-4-5 


^i 


3.221 


1,191 


2.:9i7 


7,368 


Tetrachlorobenzen© 1-2-3-S 


1SS§1 


12,615 


4.e6S 


11.582 


28,863 


Trictilorololuene 2-6-A 


n«' 


2,965 


1,09S 


2.722: 


6.7W 


Pentacnkjrobenzene 


img 


2,406 


ms- 


2.209 


5.sm 


POLYNUCLEAR AROIiATIC HYDROCARBOtlS 








Naphthaieno 


g 


1,055 


wm 


1.160 


t,MO- 


Acenaphthylene 


i 


73 


» 


80 


US 


Acenaphthene 


i 


358 


^m 


390 


:ifi 


Fiuorena 


1 


,585 


1SS 


820 


1.380 




n 


4,694 
1S5 


1.623 

87 


5,170 


11,487 


Pnafianthrene 
Anthracene 


1 

i 


^0' 


.482 


Fluoranthene 


9 


e,3ss 


2.198 


7,000 


15.553 


PyrenH 


9 


4.278 


1,4801 


4.720 


10.478 


Berzo (A) Anthracene 


i 


1,418 


480 


1,560 


3.48a 


Chrysene 


g 


2,812 


e72 


3.100 


6,884 


Benzo (B) Fluorantheno 


g 


4,569 


1,580 


S.MO 


11.189 


Benzo (&-K) Fluoranthene 


g 


3.1003 


1,038 


3,310 


7,351 


Benzo (A) Pyrene 


g 


2.072 


M? 


2.280 


$fim 


indeno (1-2-3 C-D) Pyrent 


3 


'9i8 


mm 


l.l'OO 


s^im 


Dbenzo fA-H) Anthracene 


g 


469 


182 


5:20 


1,151 


Benzo (G-H-i) Perylene 


g 


1,164 


409 


1.300 


2.eM' 



Tcts ■ Tetra counts (10^ 1 2) T - Tonnes kg - Wtograms g - grarm mg - milligrams 



TABLE 3 SUMMARY OF ESTIMATED 

ANNUAL LOADINGS 



PARAMiETlR 


yNlTS 


ETOBICOKE SCARBOROUGH 




TOTAL 






STORM 


cso 


STORM 




QENERAL CHEMISTRY 












Chemteal Oxygpn Demand 


kg 


4.71.0,000 


1,640,000' 


4,846.000 


11.196.,000 


IHardness 


kg 


1.300,000' 


45'2,.t00i 


1,337,100 


3,089,900 


Phenollcs. (4AAP) 


Kg 


105 


36 


107 


248 


Total suspencted soll^ 


KS 


768,000' 


267.150 


789,500 


1,824.650 


AmmO'iiiiium 


ttg 


1,486 


517 


1,530i 


3.,5'M 


Nitrates 


m 


l!i.513 


6,787 


20,000i 


46,M0 


iNliria 


kg 


32'1 


112 


332 


715 


Total Kjeldhal Nirapn 


kg 


15.234 


5.301 


15,7TO 


:36'J35. 


Total Phosphorus 


kg 


3.1.58i 


1:099 


3,2i00 


7.457' 


iACTiRIOLOGY 












E-Coll 


Tcts 


23'.4Sa 


8.166 


24.110 


55.734. 


Fecal CoJilomn MF 


Tcts 


33;608 


11,700 


34.600 


79,iOS. 


HEAVY METALS' 












Sil¥8ir 


^ 


ia 


6 


fl 


42 


.Aluminum 


kg 


10,419 


3,6'20 


10.690 


24,7291 


Arsttniic 


kg 


6 


2 


4 


12 


ialum 


kg 


.291 


101 


263 


675 


Cadmium 


^ 


18 


6 


18 


42 


Chromium 


kg 


§6 


30 


S4 


200i 


Copper 


kg 


744 


258 


760 


1.762 


Iron 


kg 


28,424 


9,887 


29,200 


67.511 


Mercurjr 


g 


364 


127 


370 


861 


M'anpmesi 


m 


1,0S3' 


2m , 


1,060 


l,4.7i 


NlGtel 


kg 


67 


m 


€9 


158 


Lead 


H 


315 


109 


320 


744 


Satentum 


kg 


6 


2 


4 


12 


Zinc 


kg 


1,535 


388. 


1.150 


3.073 


ORGANOCHLORiDiPESTiaDES/CHLOROiENZENES 








AJpha-BHC 


img 


12.003 


4.179 


12,ra0 


28.572 


Qamma-BHC 


mg 


9.172 


S.I'Sai 


9,380 


21 .741 


1 .3,5-Ti1chtorobenzen« 


irt«i 


12.756 


4.434 


13.140 


30.330 


1 ,,2,4-Tirlctilorobenizene 


mg 


28.9:23 


10.052 


29,690 


68,665 


1 .2.3-Trfchtorob«nz®n« 


mg 


13.002 


4,521 


13,320 


30,851 


Hexachtorobenzene 


mg 


1 .858 


'68'7 


1.705 


4.2S0 


PP DDE 


mg 


952 


352 


874 


2,179 


Alp'ha Chilordanii 


mg 


. 3,M1 


1.458 


3.61S 


i.018 


Gamma Chtordan© 


mg 


3,484 


1.288 


3,19@ 


7.i71 


OP DDT 


mg 


1.M2 


'681 


1.681 


4,214 


PP DDT 


nig 


6.374 


2,:357 


5.852 


14.584. 


DtekJrln 


mg 


4,638 


1,715 


4.ass 


10,612 


Hexachlofoeithane 


mg 


1,047 


387 


962 


2.»6 


Hexachtorobutadtene 


mg 


1 .878 


694 


1,724 


4.»6 


Trichlorotoluene 2-4-5 


mg 


4..831 


1.787 


4,43S 


11.053 


Tetrachtorobanzan* 1-2-3-5 


mg 


18,923 


6.998 


17,374 


43.»5 


TrichtorotoluBna 2-i-A 


mg 


4,447 


1,644 


4.083 


10.174 


PsntaehtorobeMBMi 


mg 


3,608 


1,334 


3,313 


8,2S6 


POLYNyCLiAR AROMATIC HYDROCARBONS 








Naphthatom 


g 


1,512 


547 


1.610 


3,73© 


Acenaphjhylefia 


e 

n 


1C» 
537 


37 
1.85. 


110 
540 


1.2S2 


AcanapMhena 


1 


Fluown© 


i 


847 


292 


860 


1.9S9 


Phenanthrene 


1 


7.040 


2.434 


7.170 


I6,i44 


AnthracBnt 


1 


mi 


too 


303 


695 


Fluoranthene 


i' 


9.sm 


3.297 


9.700 


:22.S30 


Pyrene 


i' 


6,417 


2.219 


6.520 


15,156 


i«nzo ■(*) Anthracene 


i 


2,124 


^ 735 


2.160 


5,019 


Chrys«ine 


• 


4,218 


1.456 


4.300 


9.976 


Benzo (B) Fluoranlhene 


p 


6.853 


2,370 


7,000 


16.223; 


!lenio (B-K)^ Fluoranlhena 


gi 


4.:504 


1.557 


4.61C 


10,171 


iBenzo (A) iPyrsns 


t 


3.108 


1,075 


3 180 


7,383 


Indano (1-2-3 C-D) Pyrene 


i'^ 


1,4i4 


516 


1.530 


3.540 


Dbenio (A-H) Anthracene 


f 


703 


243 


720 


1.'666 


Banio (G-H-li) Perytene 


g 


1 .775 


§13 


1,800 


4,188 



Tcis - Tetra counts (10^'12) T - Tonnes kg - kilograms, g - grams :mg • milligrams 



- IV - 



• combined sewer Qverflows (fall 1989 data): 

• water filtration plant backwash (winter and fall 1 989 data) : and 

• water poUution control plants (fall 1989 data). 

Data for these sources are compared to target levels represented by standards, obiectives or criteria 
contained in the following documents: 

• Metro Toronto Sewer Use Bylaw; 

- Discharges to sanitary sewer system- 

- Discharges to storm sewer system: 

• Provincial Water Quality Objectives (PWQOs) and Canadian Water Quality Guidelinei 
(CWQGs) for the protection of aquatic life, swimming areas or drinking water. 

The target concentrations show a decrease in allowable level from the "sanlary sewer system by-law" 
through "storm water system by-law" to "receiving water". The target concentrations listed for 
sanitary sewers and stormwater systems are for discharges to these respective sewer systems. The 
target sanitary sewer concentrations are substantially higher than those for discharges to storm 
sewers because sanitary sewerage is treated at water pollution control plants (WPCPs) whereas storm 
sewerage is generally not treated prior to discharge. The target stormwater discharge to storm sewer 
targets are within a factor of two to five of PWQOs ireflecting the fact that only a modest amount of 
dilution is available before ambient water conditions required by biota occur, fvlost of the parameters 
given in Table 4 have targets listed in the PWQOs. Several parameters including, TP. nitrate, iron, 
manganese, selenium, silver, total cyanide and arsenic have PWQO values but do not have target 
values for discharges to storm sewers. Table 5 presents a summary of the frequency of detection. 
PWQO and detection limit for all parameters tested. 

STATEMiNTS 

The following statements have been prepared based on data, analytical results and the computations 
prepared in this study. 



TABLE 4.0(i):: 



COMPARISON O'F CONCENTRATIONS MEASURED IN WATERFRONT STUDIES WITH VARIOUS WATER QUALITY CRITERIA 



Parameter 



Di,scliarge to Discharge tO' 

Sanitary Sewer Stonn Sewer 

By-Law Tmrgel By-Law Target 

Conceitration Concentration 



Obsewed, Observed Observed 

PWQO' CoDcenlration Concentration Concentration 0'b:ie,rvi©i Observed 

Aquatic Life Dry Weather Wet Weather RL. Clark Con,ceiilration Concemtratiott 

(Drinking Water) Outfall Oatfalls WFP Backwash WPCP Effluent Weather CSO'i 



BOD 




(mg/L) 


300 


F'Scal 


Coli forms 


(CNT/dL) 


- 


SS 




(mg/L) 


350 


TP 




(mg/L) 


10 


TKN 




(mg/L) 


100 


Phenolici 


(mg/L) 


1 


NO3 




(mg/L) 


- 


Al 




(mg/L) 


50 


Fe 




(mg/L) 


50 


Cr 




(mg/L) 


5 


Pb 




(mg/L) 


5 


Mn 




(mi/L) 


5 


Se 




(mg/L) 


5 


Ag 




(mg/L) 


5 


Cu 




(mg/L) 


3 


Ni 




(mg/L) 


3 


Zn 




(mg/L) 


3 


Total 


Cyamde 


(mg/L) 


2 


As 




(mg/L) 


1 


Cd 




(mg/L) 


1 


Hg 




(mg/L) 


O.I 


PCBs 




(Pf/L) 





Solvent Eilractable 


•. 



15 
15 
15 



0.2 
O.OS 



0.01 
0.05 
0.05 



0.00' I 
0.001 





# 

.001 
(10) 

0.3 

ai 

0.025 

0.1 
.0001 
0.005 
0.025 
0.030 

.005 

0.1 

.0002 

0.0002 

.'001 



7-19 

38,000-301,000 

17-37 

0.2-0.5 

1.8=4 

4-6 

3.1-7.9 

.25-. 35 

.63-1.0 

0.008-0,13 

0.008-0.012 

0.11-.17 

< 0.001 
<0.01 

.040-0.071 
.008-.012 
0.42-.065 

.002-.004 

< 0.002 
< 0.00001 

<0.02 



420 

10,000-16E6 

87-188 

0.3^.7 

1.9-3 

.014-.019 

1.1-2.1 

1.2-2.5 

2.7-7.2 

.009-.025 

0.038-0.055 

-.12-.17 

<.001 

.002-. 005 

.045-.46 

.009-.0i6 

.14",26 

.005 

<.001 

.001-.024 

.00004 -.00006 



54! 



<1 
<2 
63-1100 
0.5-0.9 
2.6^.2 

< 0.005 
.33-.44 
21-29 

3.5-6.0 
.023-.062 
,013-.033 
0,15-0.24 

< 0.001 
0.007-0.25 

.013-.054 
0.006-0.016 
0.019-0.18 

< 0.005 
0.01-0.061 

< 0.005 
0.000035- 

0.000058 

< 0.001 



11-27 

10-10^* 

13-19 

.48-. 75 

;22-30 

.009-.011 

0.35-0.39 

.098-.41 

1.7-2.4 

.008-.011 

.017-.021 

.15-.26 

<.001 

.007-.015 

.01 1-.023 

.043=.068 

.054-.074 

.031 -.038 

<.001 

.002-.004 

.0004-.0001 

EC 
2,2-2.6 



30,000- 10E6 
85-156 
.39-.77 

2.2-3.0 

.018-.021 

.16-1.7 

1.1-1.9 

3.1-7.6 

.006-. 021 

,049-.081 

.19-.4S 

.001 

.033-. 12 
.006-.014 

.14-2.1 

.Ml 
.001 



* Plant Operating Data - lower end of range is for operating conditions usin| chlorination, while ypper end is for periods of non-chlorination. 

Reference: Beak Consultants, Limited, and Paul Theil Ai§ociates Limted, 1991 Study of 1984 D:ry Weather Discharges to the Metropolitan Toronto 

Waterfront, report subnutted, to the 'Ontorio Ministry of the Enviro'nment. 



TABLE 4.0:Cb):: COMPmMON OF CONCENTRATIONS ipg/L) MEASURED IN WATERPROOT STUD'ffiS WTTH GUTOELWES. FOR, 

ORGANIC PARAIkfflTEES* 



(Ml Unite mfU 




H^tscMor E|K).%idei sus^ 



Diy 



S 

o.m 

QM 
0.001 
0.0005 

<o.oos 

<0.02 

<o.oa 

<0.04. 

<o.ce 

< 0.0004 

7.4 

<.02 

<0.02 

<0.0g, 

o.oes 
<.oooi 

<. 00005 
<. 00005 

<O.MOOS 
<0.000OS 
<.00001 



do ,ii0t iave "less 



-siga,a 



byprobibilityi 



Wet 



17 



0.001 

0.00 1 
<.2S 
0.051 
0.782 
0.615 
0.249 
033$ 
0.00<ffi4 



0.005 

O.OttZ 

< 0.0004 

<0.0004 

o.oooi 

0.0003 
<. 00005 



WFP 



<0.7 

<0.1 

<0.1 

0.003 

0.006 

< 0.005 

<0.1 

<0.1 

<0.1 

<0.2 

<0.1 

< 0.00005 

4 

<0,W 

<o.a 

<03 



0.007 

< 0.0005 

< 0.0005 
<.0O03 
<0.MO3 

< 0.00001 



■WPCP' 



11 

<0.3 
<0.3. 

< 0.001 
0.01 

< 0.005 

< 0.001 
0.007 
0.016 

<0.001 
0.D03 
0.0004 

< 0.002 

< 0.0001 

< 0.0003 
<0.,00<B 

0.03 
O.OOS 
O.Offi 
0.009 

Q.om 

0.004 

<O'.MO05 



Guiddine Data, SoBroes:: 



a) PWQO - DrinUag Water, 

b) USEPA 

c) 'CWQG - Aquatic Ufo. 

d) PWQO-, 

Refcfemcc- ,Beak 



a 0.0001 




imtfofMiMmgvmm. 

Aamcimm UmlM, 1991 Study of 19S4 Dry 
Mioiitiy of the 



WaOux t»i:icliar|« to the Metro^litM Toronto 



TABLE 5: 



SUMMARY OF PARAMETER CODES. FRiEQUENCY OF DETECTION AND DETECTION UMIT 
VALUES FOR THE WHOLE DATA SET 



Descriptive Name 



MOE 
Code 



Detectioni 
Limit 



Units 



N 



ND 



Percent 
Detected 



General C'hemistry 



Alkalinity (as CaCOa) 

Biochemical Oxygen Demand (5-Day) 

Cyanide - AvI. Unfil. React. 

Chloride 

Chemical Oxygen Demand 

Dissolved Organic Carbon 

Hardness 

Phenolics (4AAP) 

T'Otal Dissolved Solids 

Total Suspended Solids 

Total Solids 

Solvent Extractabie (Organic) 

Sulphide 

Ammonium 

Nitrates 

Nitrite 

Total Kjeldahl Nitrogen 

Total Phosphorys 

Heavy Metals 

Silver 

Aluminum 

Arsenic 

Barium 

Cadmiym 

Chromium 

Copper 

Iron 

Mercury 

Manganese 

Nickel 

Lead 

Seleniuim 

Zinc 

BacteriPlogy 

E. Coli 

Fecal Coliform MF 

Fecal Streptococcus MF 

Pseudom,onas Aeruginosa MF 



ALKT 


0.02 


mg/L 


56 


56 


100 


BOD, 


1.0 


mg/L 


2 


2 


100 


CCNAUR 


0.001 


mg/L 


55 


13 


24 


CLIDUR 


0.Q1 


mg/L 


1 


1 


100 


COD 


2.0 


mg/L 


54 


54 ■ 


100 


DOC 


0.5 


mg/L 


2 


1 


50 


HARDT 


1.0 


mg/L 


5 


5 


100 


PHNOL 


0.20 


/ig/L 


54. 


54 


100 


RSF 


1.0 


mg/L 


1 


1 


100 


RSP 


0.3 


mg/L 


54 


54 


100 


RST 


1.0 


mg/L 


.54 


54 


100 


sot FXT 


1.0 


mg/L 


49 


^44 


90 


SSIDUR 


0.001 


IJgIL 


3 


1 


33 


NNHTFR 


0.05 


mg/L 


61 


15 


23 


NNOTFR 


0.05 


mg/L 


61 


48 


74 


NN02FR 


0.005 


mg/L 


54 


43 -^ 


66 


NNTKUR 


0.05 


. mg/L 


61 


61 


too 


PPUT 


0.02 


mg/L 


61 


60 


99 


AGUT 


0.0005 


mg/L 


65 


42 


85 


ALUT 


0.01 


mg/L 


65 


65 


100 


ASUT 


0.001 ' 


mg/L 


65 


9 


14 


BAUT 


0.005 


mg/L 


65 


65 


100 


CDUT 


0.0002 


mg/L 


65 


33 


51 


CRUT 


0.001 


mg/L 


65 


56 


86 


CUUT 


0t0OQ2 


mg/L 


65 


63 


97 


FEUT 


0.01 


mg/L 


65 


64. 


99 


HGUT 


0.01 


jug/L 


65 


58 


89 


MNUT 


0.001 


mg/L 


65 


65 


100 


NIUT 


0.001 


mg/L 


65 


60 


92 


PBUT 


0.005 


mg/L 


65 


64 


99 


SEUT 


0.001 


mg/L 


65 


8 


12 


ZNUT 


0.001 


mg/L 


65 


65 


100 


ECMF 


4.0 


CH 


39 


38 


97 


FCMF ■ 


4.0 


CH 


38 


37 


97 


FSMF 


4.0 


CH 


39 


38 


i? 


PSAMF 


2.0 


CH 


39 


35 


89 



TABLf 5: 
(Cont'd) 



SUMMiARY OF PARAMETER COOES. FREQUENCY OF DETECTION AND DiETECTlON UMIT' 
VALUES FOR THE WHOLE DATA SET 



DescriiptiVie Name 



MOE 

Code 



Detection 
Umi 



Units 



N 



ND 



Parcent 
Detect©d 



Ofianochlonlde Pesticides/ 
Ciiiorobenzenes/PCBs 



PCi 
HCB 

Heptachlor 
Aldrin 

p„p-DDE 

MIrex 

Alplia BHC 

Gamma BHC 

Beta BHC 

Alpha Chlordane 

Gamma Chlordane 

o,p-DDT 

p.p-DDT 

p.p-DDD 

Heptachlor Epoxide 

Thiodan I 

Thiodan if 

Thiodan Sulphate 

Dieldinin 

Endrin 

O'xy chlordane 

Methoxychlor 

Hexachloroethane 

1 ,3,5^Trichlorobenzene 

1 ,2.4-Trichlorobenzene 

1 .2.3-Trichlorobenzene 

Hexachlorobutadiene 

2,4 . 5-Trtehiorotol uene 

2,3.6-Trichlorotoluene 

1 .2:,4. 5-Tetrachlorobenzene 

1 .2.3,5-TetrachlorQbenzBne 

26A-TrichlorotQluene 

1 .2.3.4-Tetrachloroben20n© 

Pentachlorobenzen® 



P1PCBR 


10.0 


X2HCB 


0.1 


PIHiPT 


0.1 


P1ALDR 


0.1 


P1PPDE 


0.1 


P1MIRX 


0.5 


P1BHCA 


0.1 


P1BHCQ 


0.1 


P1BHCB 


0.1 


P1CHU 


0.2 


P1CHLG 


0.2 


P10PDT 


0.5 


P1PPDT 


0.5 


P1PPDD 


0.5 


P1HEPE 


0.1 


THIO-I 


0.2 


THIO-II 


0.4 


THI0-S04 


0.4 


P1DIEL 


0.2 


P1ENDR 


0.4 


P10CHL 


0.2 


P1DMDT 


0.4 


P1HCE 


0.1 


X2125 


0.2 


X2124 


0.2 


X2123 


0.1 


X1HCBD 


0.1 


,X2T245 


0.1 


X2T236 


'0.1 


X21245 


0.1 


X21235 


0.1 


X2T26A 


0.1 


,X21234 


0.1 


X2PNCB 


0.1 



ng/L 


51 


5 


ng/L 


51 


25 


ng/L 


51 


7 


ng/L 


51 


13 


ng/L 


51 


22 


ng/L 


51 


1 


ng/L 


51 


51 


ng/L 


51 


49 


ng/L 


51 


1 


ng/L 


51 


22 


ng/L 


51 


20 


ng/L 


51 


12 


ng/L 


51 


18 


ng/L 


51 


9 


ng/L 


51 


3 


ng/L 


51 


9 


ng/L 


51 


9 


ng/L 


51 


9 


ng/L 


51 


32 


ng/L 


51 


5 


ng/L 


51 


2 


ng/L 


51 


i 


ng/L 


51 


29 


ng/L 


51 


26 


ng/L 


51 


29 


n^g/L 


51 


24 


ng/L 


51 


32 


ng/L 


51 


21 


ng/L 


51 


9 


ng/L 


51 


13 


ng/L 


51 


37 


ng/L 


51 


29 


ng/L 


51 


14 


ng/L 


51 


32 



10 
49 
14 
26 
43 
2 
100 
96 
2 
43 
39 
24 
35 
18 
6 
18 
18 
18 
63 
10 
4 
18 
57 
51 
57 
47 
63 
41 
18 
26 
73 
57 
28 
63i 



P'©]||ynycl®ar AromMlG 
Hydrocarbons 

Naphthalene 

Acenaphthylene 

Acenaphthene 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 



PNNAPH 


as 


PNACYN 


0.5 


PNACNE 


0.5 


PNFLUO 


0.5 


PNPHEN 


0.5 


PNANTH 


0,5 


PNFLAN 


0.5 


PNPYR 


0.5 



ng/L 


52 


52 


ng/L 


52 


39 


ng/L 


52 


49 


ng/L 


52 


49 


ng/L 


52 


51 


ng/L 


52 


46 


ng/L 


52 


52 


ng/L 


52 


52 



100 

m 

94 

98 

88 

100 

100 



TABLE 5.:: 
(Cont'd) 



SUMMARY OF PARAMETER CODES. FREQUENCY OF DETECTION AND DETECTION LIMIT 
VALUES FOR THE WHOLE DATA SET 





MOE 


Detection 








Percent 


Descriptive Name 


Code 


Limit 


Units 


N 


ND 


Detected 


iPolyinucIear Aromatic 














Hydroearbons (Co'nfd) 














Benzo (A) Anthracene 


PNBAA 


0.5 


ng/L 


52 


49 


94 


Chrysene 


PNCHRY 


0.5. 


ng/L 


52 


50 


96 


Benzo (B) Fluoranthen© 


PNBBFA 


0.5 


ng/L 


52 


45 


87 


Benzo (B-K) Fluoranthene 


PNBKF 


0.5 


ng/L 


52 


44 


85 


Benzo (A) Pyrene 


PNABAP 


0..5 


ng/L 


52 


43 


83 


Indeno (1-2-3-C-D) Pyrene 


PNINP 


O1.5 


ng/L 


52 


41 


79 


Dibenzo (A-H) Anthrac:ene 


PNDAHA 


0^6 


ng/L 


52 


31 


60 


Benzo (G-H-l) Perylene 


PNGHIP 


0.5 


n^g/L 


52 


42 


•81 



CH = Counts/1 00 mL. 

N = Number of samples. 

ND - Number of detected samples. 
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1. Of the 88 water qualfty parameters tested, all were detected in wet weather. Heavy 
metals were in general detected in more than 80 percent of the samples. 



Trace organic substances which were detected in more than 50 percent of the samples 
include: 



Substanee 



PrequmnGf of 
Peteotlofi (%\ 



phenols 

Alpha BHC 

Gamma BHC 

Dieldrin 

Hexachloroethane 

1 .3.5-Trichlorobenzene 

1 ,2.4-Triehlorobenzene 

Hiexachlorobutadiene 

1 .2,3.5-Tetrachlorobenzene 

26A-Trichlorotoluene 

Penlachlorobenzene 



100 
100 
96 

m 

57 

51 
57 
63 
73 
57 
63 



All PAHs listed below were detected for SO to 1 00 ipercent of the samples. 



Sytotance 

Naphthalene 
Acenaphthylene 
Aeenaphthene 
Fluorene 

Phenanthren© 



Detection (%) 

100 
75 

» 

ii 
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Anthracene 
Fluoranthene 

Pyrene 

Benzo f A) Anthracene 

Ghirysene 

Benzo (i) Fluoranthene 

Benzo (B-Hg Fluoranthene 

Benzo (A) ipyren© 

Indeno (1-2-3 C-D) Pyrene 

Dibenzo (A-H) Anthracene 

Benzo (G-H-l) Perylene 



88 

100 
100 

m 
m 



m 



Total PCBs were detected in 10 percent 'Of the sample. 

The frequency of detect'ed' trace organics in wet weather discharges exceeds those^ 
measured in dry weather discharges. 

Measured wet' weather discharges exceedi Provincial Water Quafity Objective (PWQOs) 
for 9 parameters (fecaJ coliforms, tolaJ phosphorys. phenoilcs. iron, lead, aluminum, 
copper, zinc and cadmium). Fyrthenrior©. all of the constityent concentrations (i.e. lead) 
exceed PWQOs by an order of magnitude. Five constituent concentrrtions exceed the 
Storm Sewer By-Law Target ConcentrMion (biological oxygen demand, suspended 
solids, copper, zinc and cadmium). 



When compared to dry weather discharge concentrations, wet weather discharge 
concentrations are signtficantly higher by an order of magnitude for BOD. FecaJ Colifomi. 
Total Suspended Solids. Ntrat'es, Aluminymi. Copper and Cadmium. 
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4. Statistical analysis of the water quality data shows that there is no' significant relationship 
between the Event Mean Concentration (EMC) and the outfall discharge volyme. This 
allows for the calculation of contaminant loading as the product of the average EMC 
(AEMC) and event runoff volume. 

5. Statistical analysis showed that the AEMC is independent of land use type. The lack of 
difference between the AEMCs and the different land uses may. in part,, be due to such 
factors as atmospheric deposition being uniformly distributed over the area and the land 
use patterns within the study area (i.e.. a direct comparison of distinct land uses was not 
possible as all commercial and industrial sewersheds contained some residential lands). 

6. Comparison of the AEMC from stormwater discharges, stormwater discharges which 
contained CSO and the M'ain WPCP bypass indicated the following: 

contaminant concentrations generally show no significant difference between 
discharges of stormwater runoff and CSO containing stormwater runoff for all 
parameter groups except bacteria. This may be explained by the high degree of 
sewer separation within the combined sewer systems monitored: 

the Main WPCP bypass showed significantly higher concentrations usually by as 
much as an order of magnitude for most parameters in each parameter group wttli 

the greatest differences occurring for Ammonia, Total Phosphorus and Bacteria 

^ Water quality concentrations for outfalls containing CSO were considerably lower than 
those reported in literature data (NURP, TAWMS, UGLCCS). These lower concentrations 

are attributed to the high degree of sewer separation which has occurred within the 
combined sewer areas. 

Water quality concentrations for outfalls not containing CSO were within the range or 
within an order of magnitude of those observed in other studies. 
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8. The distribution of precipitation over a year is fairly uniorm. However. literature and 
stream flow data for several local watersheds suggested that runoff volumes gieinierated 
during the winter/spring period are approximately twice those generated during 
summer/fall period. This observation was used as the basis for estimating winter runoff 
volumes and loadings. 

While the annual dry weather discharge volume' from all waterfront O'ytfalis is about the 

same as the wet weather volume generated from the itobicoke and Scarborough 
waterfront oytfalls, wet weather discharges provide significantly higher eontaminant 

loadings for many parameters. 

9. When compared to dry weather discharges, wet weather loadings from storm sewer 
oytfalls are a significant source of bacteria, heavy metals and organic contaminants. Wet 

weather loadings to the Etobicoke and Scarborough waterfronts comipared to dry weather 
loadings for the Etobicoke. Toronto and Scarborough waterfront are found to be: 

3 orders of magnitude higher for bacteria: 

i orders of magnitude higher for Total Suspended Solids. Cadmiym, Mercury, 

Selenium. iFluoranthene. iPyrene. Chrysene. 1 .2.3-Trichlorobenzene and 
1 .3,5-Trichlorobenzene- and 

1 order of magnftude higher for Total Phosphorus. Iron. Lead, Nickel, Arsenic. 
Anthracene. Ben2o(a)Anthracene and 1 ,2,4-Trlchlorobenzene. 

1 0. 'The wet weather loadings for a given catchment are directly dependant on the estimated 
njnoff volumie as the loadings were calculated based on the AIEMC. and flow volume, 
'Thius. the six largest catchments (outfalls L204. 14030. L308 and L309 in Etobicoke. and 
904 and 903 In Scarborough) contribute 50 percent of the annual loadings. On average. 
the remaining catchment areas each contribute 2.0 percent of the annual loading. 
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The annual discharge volume from the Metro Main WPCP bypass is approximate^ 
5 percent of the annual discharge from all of the Etobicoke and Scarborough waterfrori 
outfalls. The Metro Main WPCP however services a much larger sewerage area of 
26750 ha This area is approximately seven times greater than the Etobicoke and 
Scarborough waterfront drainage area 

1 1 . The Main WPCP bypass, a single discharge source, may contribyte estimated loadings 
of Ammonium and Total Phosphorus in excess of wet weather loads from ail outfaite 
discharging fromt Etobicoke and Scarborough. Furthennore. the bypass discharge 
loadings of Phenolics, TKN, bacteria, Silver, Barium. Iron. Chromium and Mercury are 
within the same order of magnitude as total outfall loadings. The higher loading is 
attributed to significantly higher concentrations in bypass discharges compared to storm 
sewer outfall discharges. Bypass loadings of toxic organic parameters is less than the 
loadings from storm sewer outfalls. 

12. The contaminant concentrations and estimated loadings as provided in this report may 
be used to set priorities for remediating wet weather discharges from storm sewers along 
the Etobicoke and Scarborough waterfronts. 



METROPOUTAN TORONTO WATERFRONT 

WET WEATHER OUTFALL STUDY 

PHASE I 



1 - INTRODUCTION 

1 .1 Backgrojund! 

Remedial Action Plans (RAPs) are underway in Ontario for 17 areas of concern as identified by the 
International Joint Commi^ion (UC). The Toronto Waterfront has been designated as one of the 17 
areas of concern. The IJC has recommended the deveiopment of a RAP in order to: 

provide coordinated and ongoing direction wlh respect to restoration of the waterfroiit 
to its desired uses; and to 

address the issues of concern which Include swimming, aesthetics, fish consumption, 
aquatic sediments, aquatic biota, habitat and drinking water (Metro Toronto RAP, 1 988). 

The Ministry of the Environment (MOi) and Environment Canada are working together wlh the public 
to lointly develop the RAP. An ecosystem approach will be used to restore water quality and protect 
the aquatic environment of the Metro Toronto Waterfront. 

The RAP will identify the causes of pollution and proposed measures for remediaion. Two sources 
are direct and Indirect discharges to the Metro Toronto Waterfront from: 

Fi¥© Water Pollytion Control Plants (WPCP): Lakeview. Humber, Main. Highland Creek 
and the North Toronto WPCP which is located adiacent to the Don River- 
Backwash water from three Water Filtration Plants: R,C. Harrii, R.L Clark, and Easterly: 
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Sk watershieds: Etobicoke Creek, yimico Creek, Humber River. IDoim River. Highland! 
Creek and Rouge River- 
Direct discharge from one hundred and three (1 03) waterfront storm sewer outfalls, some 
of which contain combined sewer overflow: 

Non-contact cooling water from a few industrial sources: 

Agricultyral and rural drainage; 

Atmospheric wet and dry fallout: 

Groundwater seepage: and 

Spills which drain through ditches and sewers. 

Wet weather discharges from sewer outfalls along the waterfront have contributed to: 

closure of beaches, due to high levels of bacteria, partlcylarly for those oiutfalls which 
discharge combined sewage overflow (combined sanitary sewage and storm water runoff); 

elevated levels of nutrients, organics and heavy metals originating from surface rynoff: 
and 

w 

locally stressed aquatic systems adjacent to specific outfalls (BEAK ef al.. 1 987). 

Severai previous studies in the Metropolitan Toronto area {MOE, 1 986) have characterized discharges 

of urban runiOff. These istodies have,, however, concentrated on indirect discharges to the waterfrort 
and have limit.ed their .assessment of loadings to conventional contaminants, bacteria or heavy metals. 
Recent studies of synthetic organic substances in both Ontario and the Unied States have found 
concentrations above detection limits in urban runoff (e.g.. Marsalek and Schroeter. 1 984 and INURP. 
1986). Furthermore,, many of these contaminants are toxic, persistent in the natural environment, and 
may produce adverse environmental and human health effects. 
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The Toronto Waterfront RAP team, in reviewing the above-noted studies, recognized a deficiency in 
the database, specifically as it relates to the estimation of various contaminant inputs from storm and 
combined sewers which discharge directly to the waterfront. This was identified in a report prepared 

by Environment Canada (1 988) in which the need for "a toxic survey to provide improved estimates 
of loadings of toxic organics from sewer outfalls and water pollution control plant discharges" was 
stated. 

In support of the Metro Toronto RAP, and in an effort to better quantity the impact of direct discharges 
to the waterfront, several studies were initiated by the Ontario Ministry of the Environment. 

Collectively, these studies will estimate dry and wet weather contaminant loadings for a wide range 
of conventional and toxic organic parameters from storm sewers, combined sewer overflows, water 
treatment and wastewater treatment plants, and watercourses which discharge directly to the 
waterfronl. 

The objective of this report is to present estimates of wet weather contaminant concentrations and 
toadings from storm and combined sewers which are located along the waterfront within the Cities 
of Etobicoke and Scarboroogh. Wet weather concentrations and loading estimates for waterfront 
discharges within the City of Toronto are being prepared in an ongoing study (Aquafor, 1991), Dry 
weather concentrations and loading estimates for direct discharges within the Cities of Etobicoke, 
Toronto and Searboroygh have already been estimated (BEAK. 1991). Wet and dry weather ioadings 
discharged from six major tributaries along tiie waterfront are being evaluated in an ongoing study 
(MOE. Metro Toronto 1 991 ). 

Collertively, the loading estimates which are established In the dry and wet weather studies may then 
be used by the RAP team and other agencies to assess the relative importance of these discharges 
in comparison to other contaminant sources and to assist in the development of the Remedial Action 
Plan. 

1 .2 Description of the Study Area and Sources of Contaminant Disciiiarges 

The study area consists of the waterfront catchments within the Cities of Etobicoke and Scarborough 
which drain directly to Lake Ontario (see Figure 1.1). Within this area, there are a total of 45 storm 
and combined sewer outfalls. 
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Areas within Metropolitan Toronto are serviced either by a separated sewer system or a combined 
sewer system. The separated sewer system uses: (i) sanitary sewers to transport domestic sewage 
from housetiolds and other sources directly to the WPCPs for treatment prior to discharge to the 
receiving water body: and (ii) storm sewers to transport runoff from rainfall events directly to the 
nearest watercourse, A combined sewer system conveys both sanitary sewage and storm runoff in 
the same pipe. During periods of increased flow caused by rainfall or snowmelt, combined trunk 
sewers and/or the WPCPs cannot accommodate the increased flow rates. Accordingly, combined 
sewers overflow or treatment plants bypass some of the combined sewage to the receivirig body of 
water. 

The Etobfcoke waterfront catchment area is bounded by Etoblcoke Creek to the west, the Number 
River to the east, the Qyeen Elizabeth Way to the north and Lake Ontario to the south. There are 28 
storm sewer outfalls within this area. The total sewershed area of I.20O1 hectares represents 
approximately 12 percent of the total area within the City of Etobicoke. 

The catchment areas within the City of Etoblcoke are serviced by separated stomi and sanitary 

sewers. Some storm sewers, in addition to conveying runoff during rainfall everts, are also known 
to convey industrial cooling water discharges (BEAK, 1991). 

Table 1.1 lists the Etobicoke Cutfalls. their catchmient areas and land uses. The catchment areas 
range from 4 to 380 hectares in size. The outfall with the largest catchment area is IL204. representing 
31 percent of Etobicoke's waterfront catchment area. The major land uses for the Etobicoke 
waterfront catchment area are residential and indystrial at 6i and 17 percent, respectively (see 
Table 1.3). 

The Scarborough waterfront catchmient area is approximately bounded by Vjictoria Park Avenue to the 
west, the Rouge River to the east, Kingston Road to the north and Lake Ontario to the south. This 
area is approximately 2,700 hectares in size and represents 14 percent of the drainage area within 
the Ctfy of Scarborough. Six outfalls west of Bluffers Park or Brimley Road receive drainage from both 
separated storm and combined sewer systems. The area serviced by combined sewers is older 
relative to the other waterfront areas in Etobicoke and in Scarborough east of Brimley Road. 



TABLE 1.1 



ETOBICOKE WATERFRONT OUTFALLS AiND CATCHMENT AREAS 



Etobicoke 

Outfall Nama ' 


Calchment 

Area (ha) 


Land Use ^ 


Study 
Catchment Narri'^ ^ 


L102 


28.2 


RES 


E1 


L103 


ii? 


RES/IND 


E2 


LI '04 


m 


RES 


E3 


LI 05 


12.7 


RES/COM 


E3 


L201 


48.6 


RES/IND 


14 


IL2Q2. L20QA 


67.4 


RES/IND 


E4 


L203B 


10.4 


RES 


E5 


L204 (LJ03B) 


379.5 


IND/RES/INST 


E5 


L205 


27.5 


INST 


E5 


L301 


11.1 


RES 


E6 


LJ02 


5.7 


RES/INST 


E7 


L303 


18.9 


RES 


E7 


L304 


ao 


RiS/OPEN 


E7 


L30S 


12.1 


RES 


E7 


L306 


4.9 


RES 


E7 


L307 


3.9 


RES 


E7 


LJ08 


72,0 


IND/RES/GOM 


E8 


L309 


53,8 


IND/RES 


E8 


L401 


20.1 


RES 


E9 


L402 


as 


RES 


E9 


L403 


44.7 


RES 


ES 


L409C 


195.0 


RES/IND/INST 


E10' 


L404 


62.3 


RES/IND/COM 


Ell 


L40S. L406, 
L407. L408 


83.1 


OPEN 


E12 


TOTAL 


1197.4 


^ 





1 Outfall names from municipal maps. 

2 Land uses greater than 10% of the watershed area in order of size high^t to lowmt 

3 Names of catchments, myiiple referenGes indicate lumped catchments. 



TABLE 1.2: 



SCARBORO^UGH WATERFRONT OUTFALLS ANiD CATCHMENT AREAS^ 



Scainborough 
Outfall Name * 


Catchment 
Area (ha) 


Land Use ^ 


Study 
Catchment Name ^ 


914 


(L1) 


.34.4 


RES 


S1 


914 


m 


45.e 


OPEN/RES 


SI A 


912 


m 


10S.S 


RES/IND/COM 


S2 


910 


(L3) 


60.5 


RES/OPEN/IND 


S3. 


908 


(L4) 


148.5 


INST/OPEN/RES 


84 


906 


(L5) 


27.3 


RES/OPEN/INST 


S5 


900A 


(LB) 


181.1 


RES/INST/OPEN 


S6 


eooB 


(L6) 


102.0 


RES 


S6A 


904 




180.9 


RES/OPEN 


87 


918 




134.4 


RES/OPENI 


S8 


901 




180.9 


RES 


S9 


903 




285.9 


RES 


S10 


931.933,935 


92,0 


RES/IND/OPEN 


S11 


925 




174.3 


■. IND/OPEN 


S12 


913 




102.9 


' RES 


813 


911. iCO 


40.1 


IND/RES 


SI 4 


ins 




89.2 


RES 


815 


927 




120.4 


RES 


816 


Discharge tO' Mareh 


mM^ 


IND 


817 


919 




250.9 


RES 


SI 8 


TOTAL 




2689.3 







1 Outfall names from municipal maps. 

2 Land uses greater than 1 0% of the watershed area in order of size high^t to lowest. 

3 Catchments shown on Figure 2.3, 



TABLE 1 .3: WATERFROiNT LAND USE DISTRiBJUTIO'N 



Land Use 



Etobicoke 
Waterfront 

(Percent) 



Scarborough 

Waterfront 

(Percent) 



Average of 

Two Waterf rorts 

(Percent) 



R'ssidientiall 



66 



67 



institutional 



Commercial 



industrial 



Opem 



i 
i 

i 



10 



15 



13 



1.2 
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Waterfront outfalls witliin the Ciy of Scartsorouglhi. their catchment areas and land us^ are gtven in 
Table 1 .2. Tlie catchmert areas range from 27 to 286 hectares in size. The outfalls convey runoff 
from industrial, commercial, residential and open space are^ along with internal combined sewer 
0¥erflows. The outfall with the largest catchment area is 903. representing 1 1 percent of the 
Scartorough waterfront catchmient, area The m^ajor land uses for the Scarboroygh wMerfront 
catchment area are residential and open space at 66 and 1 5 percent, respectively (see Table 1 .3). 

Tile Metro Main WPCP receives .sanitary and com^bined .sewage fromi the ciies of York, Toronto, East 
York and the Ciity of Scarborough., 'The total sewerage area in ,26570 ha (UMiA 1 989). In recent years., 
the combined sewer system in the City of Scarborough has yndergone a fair amourrt of sewer 
separation to reduce quantit,ies of stOirmw.ater conveyed to the Main WPCP. Much of the stormwatBr 
runoff in the City of Scarborough Is now collected by storm sewers. The remaining combined sewer 
system is small, however, interconnections by means of combined sewer overflow discharges to the 
stOinti sewere eKist. 

1.3 Scope of Work 

Historically, discharges from storm sewers were considered retatrvely '01630" and were not thought 
tO' be signtficant souirces of contaminants relative to discharges from sewage treatment plants m 
eombined .sewer overflows. However, many studies in the last 20 years have shown that discharges 
from storm: sewers can ibe a major source of pollyt.ant l.o.adingsi due to w,ashing off of .accumulated 
contaminants on the land, Sources of this contamination inclyde nytrients and pesticides spread on 
lawns, hea'i^ metals and ex,haiu,st emissions from aiutomobiles .and vehicular traffic, petroleum and 
chemical spills in industrial areas, bacteridi contamination from fecal droppings of domestic pets and 
birds, atmospheric deposition, and direct or Indirect connections from the sanitary sewer system. 

Most: of the weA weather runoff volumes are generated! fromi impervious areas (i.e.. roads, 'parking lots 
and roofe). Th^ areas also have limited natural treatment capability and are therelore likely to 
convey a ma|ority of the contaminant loadings. Pervious or grassed areas do corrtribute signiicarrt 

volumes of runoff during severe stomn events or during winter periods when the ground is frozen. 

Combined sewers, in addition to conveying the contaminants m described above, will also convey 
high levels of nutrients, ammonia .and .bacteria .associatied with sanitary inpiuts from residential areas. 



-6- 

im 

Furthennore. contaminart levels of various non-conventional parametem may be signicarit depending 
uiipon the :source or type of industrial area which is served. 

Water Pollution Control Plants may also discharge significant loadings of various parameters (e.g. 
ammonia, phosphorys. TKN. bacleria and some heavy metals) in bypassing of primary treated or 
comibined sewage at or upstream of the plant. 

The scope of work invoked the chararterization of pollutant discharge and quantification ^of iow 
volumes to estimate contamlnarrt loadings for all waterfront outfalls. The study components can be 
summarized by three tasks: 

• a field program; 

• development of a runoff prediction model and: 

• analysis of cortaminant discharges. 

Further details with respect to the field program and analytical techniques which were used is given 

in Chapters 2.0 through 4.0. 



„ - 7 - 
2 - STUDY APPROACH 

2.1 Fleici Prograni for Runoff Quantity and Quality Measurements 

The primary objective of the field program was to collect water quantity and quality data representative 
of the catclinnent areas wlhln the Cfties of Etobicoke and Scarborough. In designing the field 
program, the following factors were considered: 

the runoff volymes and constituent concentrations from storm and combined sewers are 
likely to be different: 

the runoff volumes and constituent concentrations may vary based on land use; 

the conveyance of urban runoff and the associated constituents during a rainfalt event 

is a dynamic process. SIgnilicant variations in flow volume and constityent 
concentrations will therefore occur during the course of an event- 

the runoff volumes and constituent concentrations will vary between events: 

the seasonal flows and associated constituent loadings may vary: 

for a given event, the runoff volymes and constituent loadings may vary between outfalls 
and; 

for a given outfall, there are many constituents which could be monitored. 

The collection and analysis of water quality and quantity samples fromi each of the 45 outfalls for any 
reasonable time period would be extremely onerous and expensive to undertake. For this re^on. a 
field program to collect representative samples which could then be used to extrapolate flow volumes 
and constituent loadings for the remaining areas was designed. The program, and the logic for 
setecting the program is outlined below. 

A total of eleven sites were initially selected (see Table 2.1 and Figures 2.1 to 2.3) for coltection of 
water samples. See also Appendix 1 for specific monitoring locations. Continuous flow monrtoring 
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MO'NrrORING SITES 



Station 
Number 


Location Name 


Location Description 


Land Use(s) 


1 


Main STP iBypass^ 


Chamber downstream of 

bypass: gate 


Mixed, Bypass of primary 

effluent 


2 


Beny Street CSO. 
Etobicoke 


Manhole at overflow 

weir on Stephen Drive 
.and Beriry Road 


MmM, 'Combined sewer 
overflow 


3* 


IL308. Etobicoke 


Second Street between 
Lakeshore Boulevard and 

iLak'SShore Drive 


Residential and industrial wWi 

industrial cooling water 


4 


LI 02, Etobieok© 


Fourth Street and Lake 
Promenade 


Residential and commercial 


5 


iBfiOwns Une. 
Etobicoke 


Jelllcoe Avenue and 

Foch Avenue 


Residential and industrial 


s 


Kingston Road 1 . 
Scarboroughi 


Kingston Road at 
Kennedy Road 


Comimercial 


7 


Cecil CSO, 
Scarborough 


End of Cecil Crescent 


Residential' 


8* 


E11 CSO. Toronto 


Greenwood Race Track 
and Eastern Avenue 


MilKed' 


9 * ■ 


Beachgrove. 
Scarborough 


Dlch crossing Beachgrove 

Drive at the CNR Tracks 


Industrial: and r^identiail 


10 


Kingston Road 2, 
Scailoorough 


Kingston Road at 
Faircroft Boulevard 


Residential and commercial 


11 


irooklawn. 

Soarborough 


Brooklawn Avenue at: 
Sunny Point Crescerrt 


Residential 



Dry Weather Outfall Study (BEAK and Thell. 1991) Outfall Monitoring Locations. 
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and water quality sampling was carried out at ten of the sites (physical limitations made flow 

imonitoring' at the WPCP bypass impractical) fosr approximately three imtonths. In general, samples were. 
CQllected for a minimum of 8 events. The sftes were selected based on various factors, including: 

drainage area: 

land use type; 

availabity of singular land use within the catchment; 

type of sewershed (i.e.. combined or storm)- and 

special conditions (see below). 

The dominant land use within the study area is residential. Residential areas comprise approMimately 
67 percent of the land use while indystrial and commercial are^as. comprise 14 percent and 2 percent, 
respactively. The remiainlng areas, approKimately 17 percent, are generally open space. 

Mo^st: catchment areas within the study area are com.prised solely of a singular land use type ■mii 

many of these are residential. 

Nine of the eleven sites which were selected represent the following land use mixes: 

residential (3 sites): 
commercial (1 site): 
residential/industrial (3 sites): and 
reside ntiai/commercial {2 sites). 

The other two sites were setected to montor a large combined sewer overflow referred to ^as the Berry 
Street overflow and the bypass of a primary treated effluent from the iMetro Main WiPCP, The Beriry 
Street overflow Is the last regulator wthin the Humber River sewershed which limits flow to the 
Humber WPCP. Schematical flow plans for each WPCP are provided in Appendix 1, 

Seven of the sftes selected are serviced by storm sewers while two of the sites, one which was 
located in the City of Scarborough and the other in the C:ity of Toronto, are serviced by combined 
sewers In which most of the domestic sewage has been separated. 

*■ 

All of the sites which were selected for monitoring discharge directly to Lake Ontario, wih the 

exception of Station Nlumber 5 (Browns Una). The Browns Line station discharges Just upstream of 
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the mouth erf the Etoblcoke Creek. This site was selected as it has a high industrial land us© 

eoimponent. 

2. 1 . 1 FjQw IVionitorinq and Water Quality Sampling Program 

The collection of representative urban runoff flow data and water quality samples during wet weather 

conditions requires the use of special procedures and equipment, Several factors inlluenoed the 
sampling protocol and equipment selection in this study including the requirement to collect: 

samples which account for the variability in flow volume and constituent concentration 

throughout the course of the runoff event; 

an adequate sample volume in order that the analysis of up to 88 water quality 
parameters could be carried out; and 

runoff volumes and constitoent concentrations over a range of events. 

Many of the parameters analyzed are known as trace organics or priority pollutants. These 
parameters are persistent and toxic in the natural environment and are generally found in very low 
concentrations. Analytical procedures for these parameters require sample volumes considerably 
larger than those used for conventional water quality parameters, such as total phosphorus or 
barteria. In this study, the sample volume for the analysis of trace organi^cs. was increaS'ed from 1 litre 
to 16 litres in order to improve the detection limit. An additional sample volume of 4 litres was used 
for the analysis of the remaining parameters. The collection of the 20 litre sample representative of 
mean conditions for the entire event, required special customized retrofitting of sampling equipment. 

Twenty rrtre flow proportionate composite water quality samples were collected to account for the 
variability of runoff concentrations caused by non-uniform washoff rates during a rainfall event. 
Variation in the washoff rate is a fynetion of several factors but is dominated by factors such as 

inlerevent period, varying rainfall intensity and the nature of the runoff surface. 

The flow monitoring equipment used was Montedoro-Whitney Q-Loggers. The Q-Logger is a 
portabie electronic data logger which measures both depth and velocity. The depth and velocity 
sensoRS are both contained within a single probe which is installed at the invert of the sewer pipe. 
Velocity is measured by a Doppler ultrasonic sensor. The Q-Logger is programmed and readings are 
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retrieved using a portable computer (Montedoro- Whitney. 1 988). This equipment provided ail the flow 

monitoriinigi requirements for this study. 

The flow meters were set to measure flow every 5 minutes. This time step was considered ad'eqiuate 
for detarmining event runoff volumes as it was short enough to capture peak flows and large enough 
so as not to generate excessive amounts of data. Flow measurements were made using the velocity 

area method, i.e., independent depth and velocity measurements were used to calculate the rate of 

flow. The flow data were retrieved and procsssed using Q-base and Lotus 1 -2-3 software. 

The sampler triggering device on the Q-Logger has three settings. The first setting Is a threshold 
dejpth which initiates the sampling cycle. The second setting is a totalizer voiomie which Is preset.. 
Once flow has accumuJated to the preset volume, a sample is collected. As the flow rate increases, 
the preset volume is obtained quicker and the sampler will sample more frequently. This results in 

the collection of a larger sample volumie at the higher rates of flow,. The last setting estabitehes the 
threshold flow above the threshold depth. The samplers were set to use a higher flow setting to 
minimize possible sampling: of dry weather flows. ,An illustration of the result of these settings are 

shown in Figure 2.4. The final setting used for each station are listed in Appendix 1 . 

Represe.ntatiive composite samples were obtained by collection throughout the event.. The flow 
mietering eq!uip,ment was used to trigger an a^utomatic wastewater sampler for the collection of small 
sample (1 litre) volumes. An example is illustrated in Figure 2.4. 

It was not possible to coilect 20 litre samples for each event due to the variability of rainfall events 
both in duration and total depth. For small events, less than ,20 litres would be collected and for larger 
events, the 20 litre sample would generally be collected during the iniial stages of the event. 
Throughout the course of the study, it was necessary to adjust the preset sampling settings to 
accommodate the type of events antlcipMed. 

ISCO Model 2700 samplers were used to collect the water quality samples. These samplers use 
peristaiic pumps. The only m,aterial in contact with this pumping system is silicone irubber tubing. 

This system, miinimizes cross-eontamiination of samiptes,. One of the prQgrami,m!i,ng featuresi of this 
sampler is the capability of the device to accept triggering for sample collection from an esctemal signal 
such as a flow meter. The standard sampler capacity for a composite sample in a glass container is 
9.5 litres (ISCO. 1 986). Retrofitting of the samplers for the collection of 20 litres required disconnection 
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of the standard pump effluent hose from the sampler distribution arm and extending the hose with 
teflon tubing for discharge directly into a larger a litre glass |ug external to the sampler. 

The samplers were turned on during installation and remained in a stand-by mode until they were 
actuated by the flow meters. The actuation by the flow meter was based on a priset threshold water 
level. The threshold level was initially set based on information available from the recent dry weather 
study of waterfront outfalls (BEAK. 1991) and the prevailing conditions at time of installation. 
Throughout the course of the study, adfustment of the threshold level was necessary in order to 
account for dWerent base flow water levels within the sewers and,, in some locations, the baclcwater 
effects from Lake Ontario, 

O'nce the 20 litre samples were collected,, they were retrieved and prepared for submlssjon to Ministry 
of the Environment laboratories, generally within 24 hours of collection. Sample preparation required 

the volume' collected to be split int:o the appropriate bottles for analysis. At all times, all ■eqiuipmert 
and sample bottles were cleaned and preservad as required, following Minist;ry of the Environim,©nt 
sample collection, preservation and submission protocol This protocol is presented in Appendix 1 . 
Requests for analysis were priofitlied b^ed on the volume' collected. If 16 litres was; collected, the 
analysis of organic parameters tooik priority. Any addiitional volusme was. lusedl for the ot,her 
parameters. Sample volumes IS'Ss than 16 litres did not allow for the analysis of organi-cs. and. 
therefore, only the remaining parameters were analyzed. 

2.2 Sampie Handliiig and Analytical Methods 

To ensure a high level of quality and consistency during the field sampling phase, speciie procedyres 
were establiSihed' prior to inttiating the. sampling program. A pre-deslgned field form was prepared in 

order to ensure that all ipertinent field data was collerted and that the required ©qyipment checks and 

maintenance procedures were performed. All sampling team; memibers com,pleted a "hands=on" dry 
run of sampie handling ,and equipmient reset procedures. Included in the training was a ,review of 
safety proc^edures. ha,ndling of preservative ehemicais. sewer confined space entiry reqiulrements and 
safety ■equipment- 
Sample bottles, pre-cleaned by iMIOE staff, were used for the submission of all samples except those 
to be analyzed for trace organic paramietefs (16 litre samples;). The 16 litre .samples were submitt'ed 
in amber. 4 litre bottles which were purch^as^ed and cleaned using the reqyiredi washing protocol,. 
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Parameters analyzed in this study are given in Table A1.1 (Appendix 1). Standard analytical methods 
(MOE. 1988) were used by the laboratories to analyze for chemical concentrations and bacterial 
densities. Measurements of conductivity and pH were obtained by the field staff at the time of sample 
preparation. Measurements of trace organic parameters were made by a private laboratory contracted 
by the MOE lor purposes of this study. Interim data reports were generated by the MOE of all data 
as it became available. The final data results were received on a PC formatted disk from the MOE for 
data analysis. 
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3 - MiTHODOLOGY FOR ESTIMATINO FLOW VOLOIWIES 

The data colleoted from the field program provided a basis for estimating flow volumes and 

contaiminant concentrations for tlie monitored sites. This section outlines the analytical method used 
to estimate discharge volumes from the unmonitored catchments. This chapter has been divided into 

the followjngi sections. 

precipitation records; 

estimation of summer/fall wet weather runoff volumes- 
estimation of summer/fall CSO volumes: 
estimation of winter/spring wet weather runoff volumes; 
urt^an runoff measurements: 
runoff model calibration; and 
predicted urban runoff volumes. 

3.1 PreolpiitaittQ'ini ReoO'irds 

The amount of precipitation will strongly impact the volume of wet weather discharge from a 

sewershed. Precipitation volumes vary signfficantly between events, seasons and years. Furthermore. 
for a given event the variation within a given area may vary substantially depending upon whether the 
storm was centred over the area. In order to determine representative runoff volumes, reasonable 
precipitation records must be available. Oytlined below Is the methodology used to satect precipitation 

records for this study. 

Historical rainfall data was obtained in this study and analyzed for the selection of a typical year of 
rainfall. These records were then used in the development of a computer simulation model to predict 
runoff volume. As is discussed below, detailed modelling was only used for the summer/fall season. 
A more simplified approach was used for the winter/spring season due to the uncertainti^ of 
estimating volumes for frozen and spring runoff conditions. For this reason, detaileci rainfall data was 
only collected and analyzed for the months of May to October. 

A small working group which was made up of members from municipal, provincial and federal 

agencies was formed. Meetings were held to discuss the availability of data and procedures for 
selecting a typical rainfall year, ^ 
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The crieria which was established for selecting rainfall data for continuous simylation included: 

measuremert of local rainfall from a gauging stMion located within the TorortOi Waterfront 

Area which would be representatrv© of rairfall along the waterfront and coyld ibe osed by 

this and future studies: and 

a year of rainfall data where rainfall^ patterns^ such .as. intensity, volume and freqiuency 
were consistent with the long-term miean for the select:ed ste. 

Historical hourly rainfall data from seven Atm^ospheric f nvironmental Servicesi (AliS|i stations locat:ed 
within the Metropoilan Toronto Waterfront area were examined., A list of these statiO'ns and their 
lengths of record is provided^ In Table 3.1 . Upon review of these data .and discussions with the 
working group, the lEtobiOTike. Greenwood and Sherboume sites were elimiinMed .as th^ were no 
longer in O'peration .and were removed! in the early 1980s.. As well, i w^. considered d^irable to 
select: a Nation which could Ibe used iby future studies, of a simlLar nature. Two .other strtions i(the 
Island Airport and Old Weston Road)' were considered to have :poor records not surtable for the 
analysis required. The remaining Nations were Toronto (Bloor) and .Ell^mere (Scarborough). 

The rainfall databases for each of these' two stations, were edited to exclude any data for the 
November to April period and then ain.alyied. Three! computer progirams were cons.ldered for the 
analysis of these databases. One of the programs. (PRCPSTAT: no ofricial .documentMion) which w.as 
used by the Ministry of the Environment for the TAWMS studies, was not available for ■use on a 
personal computer. A second programi which has been usedi In the Unied! States w^. not readily 
available. The third program which was used' for the analysis is the Sto;rmw.'at©r Management' M'Odel; 
specffically. the Rainfall ilock (SWMy 4.0). This program was selected as It providted the basic 
analyt:lcal capabilit:les and could h.andle .Atm'Ospheric Environment .Service (AES) fonnatt:ed data 

The following stMlsti^. were generated by the .SWMM. programi for each of the 'two st.aions for Miay 

to O'Ctober data.: 

total seasonal rainlalh 
.average ■event: duration- 
.average event intensity- 



TABLE 3.1 : AES HISTORICAL HOURLY RAINFALL DATA 



Station Name 



Station From To Years of 

Number Yr f^o Yr Mo Data Comments 



Toronto (Bloor) 6158350 1937/11 1988/10 



SI 



Long^t period of record. 



Eliesmere 



6158520 1966/06 1988/10 22 May be removed. 



Etobicoike 



61 58525 1 963/1 2 1 988/1 25 No longer in operation. 



Greenwood 6158575 1966/04 1981/07 15 No longer in operation. 



Island A 



6158665 1971/05 1988/10 17 Poor data. 



Sherbourne 61587PP 1966/06 1979/10 13 No longer in operation. 



Old Weston Road 61587'64 1966/04 1988/09 m Poor data. 
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average ■evertt deptfi;' and 
number of events per year. 

Each of thiese parameters, to some degiree. wifl tffect: the annoal estim.at^^ of run^off volume. 'The' 
most signlficart parameter, h^owever. is the total seasonal rainfall!. Results, of thte analysis for eacih of 

the 'two Nations are illustrat'ed in Figuire 3,1 and Table 3.2. Upon review of these resyte, m^ year 
1 980 was selected as the typical rainfall year for estimating runoff volumes for the May to October 
season. 

Throygh discu:ssions wfth the working grouip. tt was decided to use the raiinfall daa fromi a single 

station. Both the Ellesmere and Bloor Street .stations had s.ome disadvartages. The Bloor station has. 
movedi several times, in its history and the q.uality of tte data w.as. questioned. The Elte.mere st:atlon 
on the other hand, is not as close to the w.'aterfront. has a relatiively shorter period of record .and was 

likely going tO' be removed. Based on the above considerations. I: was decided that the Bloor station 
would be used. 

The ranking of ^events by 'volumi© for the Bloor it.atlon for the 1980 sumtmer/fail se'ason is^ illustrated 
in Figure 3.2. 'The data shows that approxim.ately 50 percent of the su.mi.mer/f.ai volume is generat:ed 

by the 7 larg^est events which represents 1 1 percert of the rainfall ^events for this peri:od. .Sixty-five 

percent of the events h.ad a precipiation volume of less than 5 mm. 

The :same level of analysis of precipiation data w.as not condurted for the wlrter/spring season 
(Novemiiber to April) as d'et.ailed miOdielling w.as not used to estimate flows for this, period.. However, 
the relative distribution oflotal .an.nyal precipitation between the two.seiasonal iperiods w.as '^t.abllshed. 
The m.onthiily distribution of precipiitation based on .51 yeaiB. of records for the B.loor St.8ilon (AES 
Sumimari^) m preserted in Figure 3.3. iFigu.re .3.3 shows that for each 'Of the 'two periods :se.|ect©d 
|summ'er/fall and winter/sipriing).. the 'total rainfall is .approximMely .equal at: mo mm. The average 
annual quantrty of precipiation is 800 mm. 

3.2 isllmalloii of Summer/Fall Wet Weather Runoff VolyiuM 

Comiputer simi'ulation m'Odelling w.as. used to ■estim.ate discharge voium:es from all seiparat'ed sewer 
systems discharging to the Etobicoke and Scarborough waterfronts for the summer/falil iperi'Od (May 
to October). 'The U.S. EPA Stormwater IManagement Progi.rami (SWMM 4) Runoff Block was used in 
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this study. The approach used to estimate discharge volumes for oytfaJIs discharging CSOs is 

discussed in Section 3.3. 

This computer program has two modes of operation, event and continuous simulation. The event 
mode analyzes rainfall and runoff for short durations, usually for a single event. Incorporating the 
effects of a series of actual rainfall everts for a given period of time and the hydrological processes 
such as infiltration and evaporation between these rainfall ©vents require simulation on a continyous 
basis. This approach was used in this study. 

The SWMM program Is a deterministic modelling tool, that is to say, i the hydrologic Input data are 

representative of the study area, the model will closely simulate the runoff response of the catchments. 

The hydrologic input parameters required for the model are: 

rainfall: 

catchment area: 

catchment slope: 

percent of Impervioys area in the catchment: 

catchment width: 

infiltratiion characteristic lOf ipe^rvious areas.: and 

depression storage for pervious and impervious mBm, 

The m^t sensitive parameter for predicting ainoff volumes are the rainfall rate, catchment area and 
percent imperviousness. Infiltration rates and antecedent conditions are important parameters for 

continuous simulation, particularly for small events. Many of the other parameters affect the rate of 
runoff. The time step selected for analysis was 1 hour. This time step was considered adequate for 

the purpose dl 'e^imating runoff volume. 

Model setup required the delineation of catchments for all sewered and ynsewered areas discharging 
to the wMeirfrort. see Figure 3.4. 'The catchmient, areas, were deiiineat'ed using mjunicipal sewer maps 
and transferred to one to ten thousand Ontario B^ase^ Maps (OBMi).. The catchmert .areas were 
detennined by digitizing these maps with CADD software. Land use maps for Etobicoke and 
Scarborough were used to determine land uses for each catchment. Adiacent catchments with similar 
characi:eristics were lumped together to reduce the number of catchments for analysis. In Etobicoke. 
23 catchments were reduced to 12 (Catchments El to E12). In Scarborough. 21 catchments were 
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reduced to 18 (catchments Si to SIS). A summary of the catchments and their land uses is listed 

in Tables 1.1 and 1.2. ' 

Initial estimates of the percent impervious parameter for each subcatchment were based on land use 

characteristics, literature data and field observations. Infiltration rates were derived from predominate 
soil types. In Etobicoke and Scarborough, the predominate soil types are clay loam and sandy loam. 
respsctively. A list of input parameters is presented in Table 3.3. 

A simplified approach was used to predict runoff volumes for the winter/spring season. The 
uncertainties associated with estimating vafyes for variables such as type of precipitation (i.e., rain or 
snow), precipitation volume, snowmelt rate, volume of snow removed, infiltration rates lor 
frozen/partially frozen conditions, etc.. would result in a large degree of uncertainty precluded 
estimating winter/spring volumes using a detailed modelling approach. The approach used is 
discussed in Section 3.4. 

3.3 Estimates of Sumimer/Fall CSO' VoIumes^ 

Six outfalls with TAWMS outfall numbers 914. 912. 910. 908. 906 and 904 in the City of Scarboroygh 
and labelled S1 to S6 in this study were excluded from the above-mentioned modelling approach. 
These outfalls receive runoff from a mix of combined and storm sewer systems, A small number of 
these catchments are serviced by the original combined sewer system where, in many cases, roof. 
road and pervious area runoff combines with domestic sewage for treatment at the Metro Main 
Sewage Treatment Plant. A large portion of each catchment area however has been separated with 
runofli from roads and pervious areas now serviced by a separate storm sewer system. 

r 

Several interconnections exist between the two sewer systems primarily to provide flow control to the 
sewage treatment plant and for flood relief measures. The quantities and frequen^cy of overflow are 
dependert on the overflow structyre and th© rainfall event. Furthermore, some combined sewage will 
be sent to the sewage treatment plant and other combined sewage may overflow internally into an 
ad|acent catchmenL As such, the quantities of runoff discharged by each outfall is not simply that 
quantity which may be generated within its own catchment area. 

To estimate the volume of discharge from this type of complex network requires detailed hydraulic 
analysis of overflows and the sewer network. Detailed modelling using the U.S. EPA SWMM Rynoff 
and Extran Blocks on these catchment areas, pipes and overflows and continuous long-term 



TABLE 3.3: 



SWMMl HYDROiO-QIC AiND CATCHMENT liNPUT PARAMETERS 



Imperviousfiess 



IResidsntial (%)* 
Commercial (%)* 
Industrial (%) 
Instttutional (%) 

Oipen (%) 



35.0 
90.0 
90.0 
70.0 
S.0 



Qround Slope (%) 



2.0 



Depression Storage 



Imperviousness (mm) 
Pervious (mmi) 



1.5 
4,0 



infiltration 



initial (mm/hr) 
Final (mm/hr) 

Decay, (L/ihr) 



40.0 

4.0 
0.00115 



* Calibrated values (see Section 3.6) 
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simulation using the Storage Treatment Overflow Runoff Model (STORM) was carried out previously 
{Proclor and Retfem, 1988). The detailed modelling exercise predicted annyal runoff volumes for 
each outfall. The previous study reported annual runoff and CSO volume, but the estimates were 
only calculated for events recorded between April and November for the year 1 960 to 1 983 (Cheung 

P.. personal communication). 

The level of detail in the study carried out by Proctor & Redfern was considered adequate for the 
objectives of this present study. The volumes, however, required ad|ustment to conditions 
representative of the selected typical year and seasonal periods. The adjustments were prepared by 

prorating CSO volumes estimated in the previous study using total rainfall. The CSO estimates 
presented in the previous study were based on 67 percent of the annual rainfall depth. This study is 
preparing estimates based on 48 percent of the annual rainfall for the summer/fall season. Therefore. 
the CSO volumes presented in this report are 72 (48/67) percent of the estimates prepared in the 

previous study. 

3.4 Estlmatl©!! ©f Winter/Spring Wet Weather Rynoff Volumea 

For the period of November to April, a simplified method for the esttmation of wet weather runoff 
voiunnje was used. The method used was based on a mass balance approach in which the 
summer/fall seasonal runoff volume was adjusted by an appropriate volumetric snowmelt runoff 
coefficient. 

A review of cunrent literature indicated that there are only a limted number of studies which have 
computed snowmelt runoff volumes in urban areas within Ontario. On© report which summarized the 
field investigations carried out in Peterborough, Ontario (Buttle and Xu. 1 988) provided the following 
infonnalion for 5 melt periods in 1 984 and 1 985. The me^ured response of run^ volume to available 
precipitation (volumetric runoff coefficient) in a suburban area varied from 45 to 94 percent. The 
average respOTOe or volumetric njnoff coefficient was 60 percent. By comparison, the volumetric 
njnoff coefficient for urban areas during summer and fall conditions in Toronto is about 30 percent 
b^ed on average imperviousness of 35 percent (Environment Ontario, 1989). Th^e data sugg^t 
that the winter/spring season may generate approximately 2 times m much runoff compared to the 
symmer/fall season. The primary cause for the increase in runoff volume is satyrated and frozen 
ground conditions which minimize loss^: due to inflltrat:ion and evaporatiioni. 

In an attempt to substantiate these observations, historical flow data for 5 tributari^ (Etobicoke Creek. 

Humber River, Don River. Highland Creek and Rouge River) flowing to the Toronto waterfront were 
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analyzed. The cumulative percent of flow volume was calculated for each tributary from average 

monthly data available from Water Suirvey of Canada. The mieans for each! mionth were calculated and 
are illystrated in Figure 3.5. The average precipitation for the two seasonal periods is aboyi equal. 
This was shown in Section 3.1 . The data in Figure 3.5 shows that 60 to 70 percent or approjcimately 
two thirds of the annual flow volume occurs between the months of November and April. Thus, this 

analysis also suggests that the winter/spring period may generate approximately 2 timies as much 

runoff volymie as the summier/fall period. 

Accordingly, for the purposes of this study, the winter/spring runoff volumes were estimated by 
doubling the summer/fall runoff volumes predicted by the computer simulating modelling, 

3.5 Urban Runoff Measurements 

• 

Summarized in Table 3.4 are the volumes of runoff measured at each site for the duration of 

monitoring (1 October to 27 November 1 989). A sample of the observed flows at the Brooklawn site 

is presented in Figure 3.6. The plot shows the wide range of flow durations, peak rat.es. volumes, and 

inter-event periods recorded during the monitoring period. 

During the 10 October to 27 November 1989 period. 20 precipitation events occurred. The rainfall 
volume in this period was in excess of normal conditions (approximately 2 times greater). Rainfall 

records were obtained fromi the AIES Bloor station yntii ft was closed (for the winter period) at the end 
of O'rtober at which time the City of TorOinto Swansea Station was used. O'n average, 1 8 events were 
mionttored at nine stormi sewer sttes (equipment malfunctioning did not permit' measurements to be 
recorded for all events). The size of rainfall events monitored with measurable flows ranged from 1 
mm to 26 mm (see Table 3.4). For all stations, except Stations 3. 8 and 9. very little to no baseflow 
was observied.. 

The wetter thani normal rainfall conditions and the relatively short monitoring period (7 weeks) presents 
some limitations with respect to the validity of using the data collected during the fall to predict annual 
loadings. To address this issue an addttional study (M. D'Andrea. 1 992) to monitor :stonnw.ater runoff 
quality and quantity at two locations during winter, spring and summer conditions is In progress. The 
ongoing study will validate the assymptions made in this study. 
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CUMULATIVE VOLUME (percent) 




NOV DEO JAN FEB MAR APR MAY JUN JUL AUG SEP 

WliMTERVSPRING MO'NTH SUMiMER/FALL 



OCT 
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HUMBER R 
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DON R 
AVERAGE 



BASED ON VmTER SURVEY OF CANADA 
HISTOnrCAL FLOW RECORDS 



TABLE 3.4 Monitored Event Volume Summary 



MONrroRiNo MONrroRMO 

SITE No. LOCATION 



MEASURED VOLUME (cubic incteri) by event 
Oct Nov 

10 16 17 19 21 31 2 5 7 



NUMBER OF 
10 11 14 15 18 19 20 26 27 MEASURED 

EVENTS 



BLOOR & Precipitation 

SWANSEA itl Depth (turn) 



9.6 12.2 10.4 26.20 7.80 16.00 1.50 4.75 16.25 2.00 6.25 0.50 2.00 15.25 12.75 LOO 0.25 3.50 1.50 S.75 



Maio STP By pan <«- 



bypass — — bypass NO FLOW MEASUREMENTS 



____ — bypass bypass 



Betty St. CSO <«- 



._..— NO CSO OCCURRENCES 



L30S 



3600 1600 3800 9600 1700 3600 600 2400 9400 3200 2700 1400 2100 17300 n2 250 n4 1300 400 3400 



H02 



50 50 150 500 50 150 100 300 100 100 50 700 n2 



100 50 200 



19 



Browas Line 



6500 ii3 n3 7400 ' 2100 3600 400 1100 4500 1300 1200 900 300 10500 n2 400 250 1500 200 2200 



17 



Klngilon Road 1 n3 n3 n3 n3 150 n3 200 n4 250 50 100 n3 n3 900 50 n4 250 a3 



150 



10 



Cecil CSO 



n3 1600 800 2600 600 800 500 600 1300 1300 800 80 200 3147 n2 110 22 652 64 1064 



18 



Ell 



n3 n3 n3 n3 n3 5000 1800 2800 5800 2M0 2800 n3 n3 6700 500 n3 n4 1400 800 4000 



Bcachgrovc 



n3 n3 ii3 n3 n3 1300 299 1000 5000 2900 3700 50 3600 n2 150 150 4300 100 4900 



13 



10 Klngttoo Road 2 n3 n3 n3 150 700 600 700 1100 300 600 50 150 2«)0 n2 50 600 50 700 



tl 



Brooklawn 



ii3 Ii3 n3 5000 1400 1600 1100 1100 2600 1100 150 300 400 5900 n2 250 150 1500 100 ii4 



li 



NOTES: nl. PREdPITATION DATA FOR OCTOBER FROM BLOOR STATION, FOR NOVEMBER FROM SWANSEA STATION 

ii2. EVENT OF NOVaiBER 15. 1989 IS INCLUDED IN NOVEMBER 14. 1989 

n3. NO DATA AVAEABLE 

ii4. POOR DATA. STORM EVENT CANNOT BE SEPARATED FROM BASE FLOW 
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Tha accufacy of these flow measurements is a function of site specific hydraulic conditions, the 
procedure used to calibrate the equipment, the quality of installation and instrymentatlon, and the 
frequen^cy of stte maintenance. For practical and safety reasons,, detailed crosS'-checks of installed 
flow meter readings during wet weather conditions w^ not possible. The flow depths and velocities 
were however checked periodically at each site, using physical measuremients to estimate depth and 
a portable velocity meter to estimate velocity, and the flow meters calibrated accordingly. The 
accuracy of each instrument is a function of flow depth and velociity. with greater inaccuracy occurring 
for shaJlower depths of flow. Based on average flow and installation condlioos and previoys 
experience,, instrumentation errors of approximatelly ±5 pe,rcent were assumed, 

3.e Runoff Model Calibration 

Calibration of a computer model is generally carried out by varying the input parameters until a 
reasonable agreement between the observed and predicted values is achieved. In this sturdy, the 
primary parameter (or output value) to which the model will be calibrated is the runoff volume. 
Outlined below is the methodology used to calibrate the SWMM modeL 

The calibration was carried out' for the 31 O'rtober to 2S .November 1989 period. 'This iperiod was 

selected .as; flow monitoring Information was available. Furthermiore. a wide ,range of precipitation 
volymtes occurred during this period. 

Key parameters which affect the estim:ation of runoff volumie and require adjustment in order to. 
calibrate the model include rainfall data, drainage area, percent imperviousness. depression storage, 
infiltration rates and evaporation rates. Each of these parameters were considered in the calibration 
process, however, the most sensiive parameter was found to be the percent imperviousness. In 
addftion, this parameter varies considerably between catchment areas. 

Data from three monitoring sites. Brooklawn. a residential/institutional area: Kingston Road 2, a 

residential/commercial area: and Cecil, a residential site with CSO. were selected as representative 
locations for m,odel calibration. 

Keeping all unchanged to the initial setup, the required percent imperviousness. for these sles were 
as follows: 
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Brooklawn - 44 percent; 
Kingston Road 2 - 50 percent: and 
- Cecil CSO - 10 percent. 

The relatively low value for the Cecil CSO site compared to other sles is due to runoff (likely from 
roofs) being transported by the combined sewer system with the catchment. 

Considering the land use distributions for the Brooklawn and Kingston Road 2 sles. the percent 
Imperviousness for residential areas was determined to be 35 percent for residential and 90 percent 
for commercial. Hence, these levels of imperviousness were used for ynmonjtored catchments 

containing these land uses. These results were found to be retatively consistent wth the literature 

data initially used to set up the miodel. 

Results of the calibration are presented in Figure 3.7. The results, in general, show good agreement 
between the predicted and obsen/ed flow volumes, 

3.7 Flow Volume Estimates 

Flow volymes were estimated for each catchmenit area wfthin the study area, Thie estim.at'es. were 
istabjished on a seasonal basis (summer/fall and winter^pring) for a typical year of rairrfall (1 980). 
The calibrated continuous simulation model was used to predict runoff volumes for the summer/fall 
season. A simiplified method based on a volumetric runoff coefficient and a ratio between summer/fall 
runoff volumes and winter/spring volumes was used to predict the winter/spring seasonal volumes. 
Table 3.5 presents seasonal and annual volymetric discharge predictions ranked largest to smallest 
for each modelled catchment. Table 3.6 presents total seasonal and totaJ annual volumetric discharge 
predictions by municJpaJity. 

The total ^imated average annual volume of discharge from the Bobicoke and Scarborough 
waterfront catchments is 1 3.7 million cubic metres. Approximately 1 5 percent of this volume (E1 
million cubic metres) contains some quantity of CSO. For the period May to October (summer/fai| 
and November to April (winter/spring), the total waterfront wet weaher discharge from sewer outfalls 
are 4.58 and 9.16 miillion cubic metiresi, respectiveily. 
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TABLE 3.5 PREDICTED SUMMER/FALL AND ESTIMATED WINTER/SPRING 

WATERFRONT RUNOFF VOLUMES BY MODELLED CATCHMENT 



CATCHMENT SUMMER/FALL WINTER/SPRINO PERCENT OF 

(oibic meters) (cy bic metersl TOTAL 



E5 879,000 1.758,000 19.2 

E10 374,000 748.000 8.2 

E8 317,000 634,000 6.9 

S18 311,000 622,000 6 8 

S6* 268,200 536,400 5 9 

510 252,000 504.000 ■ 5.5 
Si 2 181,000 362.000 4.0 

57 165.000 330,000 3.6 
E4 160,300 320,600 3.5 
S9 160.000 320.000 3.5 
S4* 148,200 296,400 3.2 

58 . 137,000 274.000 3.0 

511 126.000 252,000 2.8 
S2* 121.000 242,000 2.6 

513 106,000 212,000 2.3 
SI 6 ' 100,000 200,000 2.2 
^17 98,700 197.400 2.2 
Eil 88,400 . 176.800 1J 

E9 75.600 151,200 1.7 

514 75,300 150,600 1.6 
St5 71,800 143.600 tM 
S5* 70,900 141,800 ij 
E7 67,300 134,600 15 
SI* ' 59.200 118,400 1.3 
S3* , 51,000 102.000 1.1 
El 2 30,000 60,000 0.7 

E1 28.600 • 57.200 0.6 

E3 26,000 52.000 0.6 

E2 17,300 34.600 0.4 

=. E6 j 3.500 27.000 0.3 

TOTAL 4,579,300 9, 1 58,600 1 QQ.Q 

AN NUAL WATERFRONT TOTAL (cubic metere) 1 3 700 000 

(excluding City of Toronto) 

* Catchment contains CSO 



TABLE 3J ESTIMATED WATERFRONT RUNOFF VOLUyES 

SEASONAL AND ANNUAL SUMMARY 



WATERFRONT SUMMER/FALL WINTER/SFRING 

(oibio meteri) (cybio melere) 



ANNUAL 



ETOBICOKE 
SCARBOROUGH 

cso (SI to se) 



2.077.000 

2J0'2,300 
(718,500) 



4,154,000 
5,004,600 

(1.437,000) 



ANNUAL WATERFRONT TOTAL (mMc metes) 

(exclyding City of Toronto) 



6„231..000 
7,506.900 

(2.155,500) 



13.700,000 



• INCLUDES CATCHMENTS WHICH CONTAIN CSO 



fihe annual discharge volumes between the two municipalitjes are about equal. Afthough the 
Scarborough waterfront has a catchnnent area 1.7 times greater than the Etobieoke waterfront area 
the Etobieoke catchments generate a larger unit volume of runoff due to the higher level of 
imperviousness (52 percent versus 30 percent). The higher level of impervioys area is attributable to 
the lower level of open space areas within Etobieoke as well as the larger percentage of industrial 
areas (see Table 1.3). 

The distribution of runoff event volumes for the summer/fall season will vaiy based on the precipitation 
patterns (see Figyre 3.2). The modelling results show that approximately 50 percent of the 

sumirner/fall seasonal runoff is generated by the six largest rainfall events which range from 1 8 to 37 
mm. A summary of the total discharge to the waterfront and the relative contributions for each of the 
six events to the total seasonal volume is presented in Table 3,7. Detailed listing of the volume for 
each catchment by each event Is provided in Appendix 2. 

The single largest catchment area. E5. in Etobieoke discharges 1 i parcent of the total annual volume 
of yrt>an runoff to the watertront throygh 3 sewer outfalls. L203B. 1204 and L205. I_204 is the 
dominant of the three Qutfaite., represerting 91 ipercent of this catchment area 'The 'Catchment area 
for outfall L204 is the largest In the study area at 380 ha (this represents approximately 10 percent of 

the st,udiy area) and has a high degree of impervioysness,. 'The next single largest outfall. ElO, 
contribytes 8 percent of the runoff volume. 

Fity percent of the total annual njnoff volume originates from 6 catchments (i.e., E5. E10, E8. SI 8, 86 
and SI 0). Runoff from these catchments is discharged through 7 of 46 outfalls (1 5 percent) along the 

Etobieoke and ScarbO'foygh waterfront. 

Calibrsition of the model should ensure that the predicted runoff volumes are reasonable. However, 
any estimate of this type is subject to a degree of uncertainty, especially for the unmonrtored 
catchments. Several fa,ctorsi miay result in inaccurate 'estimMes. For example, isn-ors. may exist, in the 
delineation and digitizing of the catchment areas. Furthermore, alhough the model is calibrated, there 
is still a signicant amount of variability which cannot be accounted for in defining several ol the 
parameters including precipitation volumes, percent imperviousness and infiltration r^^. 

In order to estimate the degree of uncertainty in the mnoff volumes as stated above, an error analysis 
was performed. Each of the key input parameters was varied to determine the impact on flow volume 
predictions. The upper and lower limits for each parameter used in this analysis (Table A.1) and the 



TABLE 3.7: 



RUNOFF VOLUMES GENERATED BY THE SEVEN URGEST 
RUNOFF EVENTS DURING SUMMER/FALL PERIOD 



Event 



Rainfall 

Depth 

(mm) 



Total Discharge 
Volume to the 
Waterfront (m^ 



Fraction of 

Seasonal Runoff 

Volume (%) 



Cumulative 
Volume (%) 



37.2 



574.000 



14 



14 



36.0 



35.3 



22.2 



22.6 



17.8 



458,000 



311,234 



281,000 



272.000 



235.000 



11 
f 
f 
i 

a 



39 



51 
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associated predicted flow volumas .(Table A.2) are provided in Appendix 2. The results of the error' 
analysis for the 'typical rainfall year indlicates that the 'volume of runoff discharging to the waterfront 

ranges between 53 to 1 34 percent of the predicted volume. 

3.i Main Water Pollution Control Plant Bypass Volume 

Umited information is available on the quality and qyantity of primary effluent bypass from the Main 
WPCP during rainfall events. An attempt was made in this study to sample and quantify the volume 
of Main WPCP bypass. A 'few water quality samiples were collected, however, monitoring of flows was 
not possible due to hydraulic, stryctural and instrumentation constraints. 

Bypass volumes, based on bypass durations are. however, estimated by plant operators. A summary 

of the '1989 bypass incidents and estimated volumes provided by the Metro Toronto^ Works 
Department is presented in Table 3.8. Excluding occurrences as a result of construction activities, 
bypassing of flows occurred 1 6 times in 1 989. The duration of bypassing ranged from 0,5 to 1 0.0 
hours. The average bypass volume was 43.000 cybic metres and the total annual volyme was 
687.500 cubic metres. 

The occurrence and volume of bypassing is directly related to rainfall conditions. Therefore, a direct 
comparison of 1 989 bypass volumes to sewer outfall volumes in 1 980 is limited to establishing relative 
contributions within an order of magnitude. The total annual volume bypassed represents 
approximately 5 percent of the annual runoff volume discharged via waterfront oytfalls within the Cities 
of Etobicoke and Scarboroygh (see Section 3.7). It is not known how typical the bypass conditions 
are with respect to the long-term averages as bypassing may have been affected by the ongoing 
plant maintenance and upgrading. These bypass volumes however were used to estimate annual 
bypass loadings. 

The main WPCP services a sewerage area of 26.570 ha. This area is approximately seven times 
greater than the Etobicoke and Scarborough waterfront drainage area 



TABLE 3.8: 



SUMMARY OF MAIN WPCP BYPASSING FOR 1989 



Date 



Duration 
(Hours) 



Estimated 

Quantity 

(x 1 .000 m') 



04 April 

05 May 

30 May 
02 June 
08 June 
27 July 
04 August 
1 6 August 

14 September 
23 September 
1 4 October 
20 October 

31 October 
07 November 

14 November 

1 5 November 



3.0 
3.0 
2.0 
5.5 
4.0 
2„0 
1.0 
10.0 
1,0 
4.5 
2.5 
4.8 
3.0 
4.5 
0.5 
4.8 



25.0 

26.3 
17.5 
45.8 

41 .7 
16.2 

ftl 
110.0 

iJ 
104.9 
28.6 
46.0 
33.0 
59,0 
33.7 
83.6 



Total 



687.5 
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4 - CONTAMINANT CONCENTRATION ESTIMATES 

4.1 Field Programi Sumima.ry 

The objective of the field program was to measure flow volumes and constftuent concentrations at 
eleven monitoring stations. This data would then be used as a basis to characterize loadings for a 
wide variety of contaminants to the Etobicoke and Scarborough waterfronts. The list of sites and their 
locations were presented in Table 2.1 . 

In order to provide a reasonable measure of variability, the target number of samples to be collected 
per site was eight. Table 4.1 lists the number of samples collected at each location. Of the targeted 
goal of 88 samples (8 samples from 11 sites), a total of 65 were obtained (see Table 4.1). The major 
reasons why fewer samples were collected inclydei 

no occurrences of an ovefflow at the Berry Street Overflow and only limited bypassing 
at the Main WPCP; 

- insufficient sample volume collected for some events due to the size of the event and 

interference and/or malfunctioning of equipment. If less than 1 6 litres was collected, the 
analysis of organics was not possible; and/or 

insufficient duration for montoring prior to winter conditions setting in. 

# 
The seven week monitoring period in the month of October and November had a total rainfall volume 
in excess of the long term normal conditions for this time period. The monitoring duration, the wetter 
than normal conditions and the limited seasonal conditions may affect the concentration and presence 
of some contaminants is stormwater runoff. To address this issue an additional study (M. D'Andrea, 
1992) to monitQr stoirmwater runoff quality and quantity at two locations for winter, spring and summer 
conditions is underway. This ongoing study will validate the assumptions in this st:udy. 



TABLE 4.1: SUMMARY OF PARAMETER CODES. FREQUENCY OF DiETECTION ANiD DETECTIOiN UMilT 

VALUES FOR THE WHOLE DATA SET 



Descriptive Name 



MOE 
Code 



DelectiO'in 
Limit 



Units 



N 



■WS' 



Percent 
Det'ect'©d 



Qien#rall ChefTitstry 

Alkiinity (as CaCOJ^ 

Biochiemical Oxygen D'emand {5-Day) 

Cyanide - AvI. Unfll. React. 

Chloridle 

Chemical Oxygen Demand 

Dissolved Organic Carbon 

Hardness 

Phenolics (4AAP) 

Total Dl^olved Solids 

Total Suspended Solids 

Total Solids 

Solvent Extractable (Organic) 

Sulphide 

Ammioniym' 

Nitrates 

Nitrite 

Total Kietdahl Nitrogen 

TotaJI Phosphorus 

Heavy Metals 

Silver 
Aluminum 

Arsenilc 

iarjumi 

Cadmiiuim 

Chromiium 

Copper 

Iron 

Mercyiy 

Manganese 

Nickel 

Lead 

Selenium 

Zinc 

Bacteriology 

E. Coll 

Fecal Coltforrn MF 

F'®cal Striptoc'oeeui MIF 

Pseudomorias Aeruginosa MF 



ALKT 


0.02 


mg/L 


50 


,56 


100 


BOD, 


1.0 


mg/L 


2 


2 


100 


CCNAUR 


0.001 


mg/L 


55 


13 


24 


CUDUR 


0.01 


mg/L 


1 


1 


100' 


COO 


2.0 


mg/L 


54 


54 


100 


DOC 


0.5 


mg/L 


2 


1 


50 


HARDT 


1.0 


mg/L 


5 


5 


100 


PHNOL 


0,20 


^g/L 


54 


54 


100 


RSF 


1,.0 


mg/L 


1 


f 


100 


RSP 


0.3 


mg/L 


54 


54 


100 


RST 


1.0 


mg/L 


54 


54 


100 


SOI FXT 


1.0 


mg/L 


49 


44 


90 


SSIDUR 


0.M1 


^g/L 


3 


1 


33 


NNHTFR 


0.06 


mg/L 


61 


i,i 


23 


NNOTFR 


0.05 


mg/L 


61 


m 


74 


NN02FR 


0.005 


mg/L 


54 


43 


66 


NNTKUR 


0.05 


mg/L 


61 


61 


1TO 


PPUT 


0.02 


mg/L 


61 


m- 


99 


AQUT 


0.0005 


mg/L 


65 


42 


65 


ALUT 


0.01 


mg/L 


65 


65 


TOO 


ASUT 


0.001 


mg/L 


65 


i 


14 


BAUT 


0.005 


mg/L 


65 


65 


100 


CDUT 


Oj0002 


mg/L 


65 


m 


51 


CRUT 


0.001 


mg/L 


65 


56 


86 


CUUT 


0.t>002 


mg/L 


65 


63 


97 


FEUT 


0.01 


mg/L 


65 


64 


99 


HGUT 


0.01 


ligil 


66 


58 


89 


MNUT 


0.001 


mg/L 


66 


65 


TOO 


NIUT 


0.001 


mg/L 


65 


60 


92 


PiUT 


0.005 


mg/L 


65 


.64 


99 


SEUT 


0.001 


mg/L 


65 


8 


12 


ZNUT 


0.001 


mg/L 


65 


'65' 


100 


ECMF 


4.0 


CH 


39 


38 


97 


FCMF 


4.0 


CH 


38 


37 


97 


FSMF 


4.0 


CH 


39 


38 


97 


PSAMF 


2.0 


CH 


39 


35 


69 



TABLE 4.1: SUMMARY OF PARAMETER CODES. FREQUiNCY OF DiTiCTION AND DETECTION LIMIT 

(Cont'd) VALUES FOR THE WHOLE DATA SET 



Descriptive Name 



MOE 
Code 



Detection 

U:mit 



Unis 



N 



ND 



Percent 
Detected 



Organocihioirlde Pesticides/ 
Chlorobenzenies/iPCBs 



PCS 
HCB 

Heptachlor 
Aldrin 

p.p-DDE 

Mirex 

Alpha BHC 

Gamma BHC 

Beta BHC .. 

Alpha Chlordane 

Gamma Ctilordane 

o.p-DDT 

p.p-DDT 

p.p-DDD 

Heptachlor Epoxide 

Thiodan I 

Thiodan II 

Thiodan Sulphate 

Dieldrin 

Endrin 

Oxychlordane 

Methoxychlor 

Hlexachloroethane 

1 .3,5-Trichloroben2ene 

1 .2.4-Triehloroberizene 

1 ,2,3-Trichiorobenzene 

Hexachlorobutadiene 

2.4,5-Trichlorotoluene 

2,3,6-Trictiiorotoiuene 

1 .2,4.5-Tetrachloroben2ene 

1 ,2,3,5-TetrachlQrobe:nieine' 

2eA-Trichlorotoluene 

1 .2.3.4-Tetrachloroben2ifT© 

Pentachlorobenzene 



P1PCBR 


10.0 


,)(2HCB 


0.1 


P1HEPT 


0.1 


P1ALDR 


0.1 


P1PPDE 


0.1 


P1MIRX 


0.5 


P1BHCA 


0.1 


P1BHCQ 


0'.1 


P1BHCB 


0.1 


P1CHLA 


02 


P1CHLG 


0.2 


P10PDT 


0.5 


P1PPDT 


0.5 


P1PPDD 


0.5 


P1HEPE 


0.1 


THIO-I 


0.2 


THIO-II 


0.4 


THI0-S04 


0.4 


P1DIEL 


0.2 


P1ENDR 


0.4 


P10CHL 


0.2 


P1DMDT 


0.4 


P1I HCE 


0.1 


X2125 


0.2 


X2124 


0.2 


X2123 


0.1 


X1HCBD 


0.1 


X2T245 


0.1 


X2T236 


Ul 


X21245 


0.1 


X21235 


0.1 


X2T26A 


0.1 


X21234 


0.1 


X2PNCB 


0.1 



ng/L 


51 


5 


ng/L 


51 


25 


ng/L 


51 


7 


ng/L 


51 


13 


ng/L 


51 


22 


ng/L 


51 


1 


nfl/L 


51 


51 


ng/L 


51 


49 


ng/L 


51 


1 


ng/L 


51 


22 


ng/L 


51 


20 


ng/L 


51 


12 


ng/L 


51 


18 


ng/L 


51 


9 


ng/L 


51 


3 


ng/L 


51 


9 


ng/L 


■51 


9 


ng/L 


51 


9 


ng/L 


51 


32 


ng/L 


51 


5 


ng/L 


51 


2 


ng/L 


51 


9 


ng/L 


51 


29 


ng/L 


51 


26 


ng/L 


51 


29 


ng/L 


51 


24 


ng/L 


51 


32 


ng/L 


51 


21 


ng/L 


51 


9 


ng/L 


51 


13 


ng/L 


51 


37 


ng/L 


51 


29 


ng/L 


51 


14 


ng/L 


51 


32 
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PO'lynyclear AirO'iinitlc 
Hydrocarbons 

Naphthalene 

Acenaphthylene 

Acenaphthene 

Fiuorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 



PNNIAPH 


0.5 


PNACYN 


0.5 


PNACNE 


0.5 


PNFLUO 


0.5 


PNPHEN 


0.5 


PNANTH 


0.5 


PNFLAN 


0.5 


PNPYR 


0.5 



ng/L 


52 


52 


ng/L 


62 


39 


ng/L 


52 


49 


ng/L 


52 


49 


ng/L 


52 


51 


ng/L 


52 


46 


ng/L 


52 


52 


ng/L 


52 


52 



too 

?s 
m 
m 
m 
m 

100 
100 



TABiLE 4.1 : SUMMARY OF PARAMIETER CODES, FREQUENCY OF IDCTECTION AND DCTECTION UMIT 

(Cont'd) VALUES FOR THE WHOLE DATA SET 



Descriptive Name 



MOE 
Code 



Detection 
Umit 



Units 



N 



ND 



Percent 
Detected 



iPolynuclear Aromatize 
Hydro-carbons (Cont'd) 

Benzo (A) Anthracene 

Chrysene 

Benzo (B) Fluoranthene 

Benzo (B-K) Fluoranthene 

Benzo (A) Pyrene 

Indeno (1-2-3-C-D) Pyrene 

Dibenzo (A-H) Anthracene 

Benzo (G-H-i) Perylene 



PNBAA 


0.5 


PNCHRY 


0.5 


PNBBFA 


0.5 


PNBKF 


0.5 


PNABAP 


0.5 


PNINP 


0.5 


PNDAHA 


0.5 


PNGHIP 


0.5 



ng/L 


52 


49 


ng/L 


52 


50 


ng/L 


52 


45 


ng/L 


52 


44 


ng/L 


52 


43 


ng/L 


52 


41 


ngil 


52 


31 


ng/L 


52 


42 



94. 
96 
87 
85 
83 
79 
60 
81 



CH = Counts/100 mL 

N = Number of samples. 

ND = Number of detected samples. 
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4.2 Water Quality Data Used in Loading Estimates 

The analyses which were carried out on the water quality samples depended upon the volume of 
sample collected. A 20 litre sample was required for the analysis of 88 constituents, A volume of 1 6 
litres was required for the analysis of trace organies (i.e.. organochlorlne pesticides, PCBs and 
poiynuclear aromatic hydrocarbons) alone. 

All analytical work was carried out by the MOE laboratory services branch wfth the exception of the 
trace organies. This work was completed by an external iaboratory. 

Table 4.1 presents a complete list of the parameters which were analped. The detection limit, total 
number of samples submitted for analysis, total number detected and the percent detected is also 
provided. 

s 

Outlined below is the distribution, by parameter group, of parameters analyzed: 

Qeneral Chemistry - 23%; 

Bacteriological - 5%; 

Heavy Metals- 17%: 

Organochlorine Pesticides, PCBs and Chlorobenzenes - 39%: and 

Poiynuclear Aromatic Hydrocarbons (PAHs) - 1 6%. 

Of the 88 parameters tested. 60 parameters were selected for detailed presentation in this report. The 
remaining 28 parameters generally had concentrations which were below the detection limit. The 
concerrtration database for each sampling location and for all parameters tested is provided in 

Appendix 3. 

All water quality data were obtained from the MOE on floppy disks. The analytical data obtained from 
the flow weighted composite samples were considered to be representative of the concentration over 
the duriation of the event. The representative contaminant concentration will subsequently be referred 
to as Event Mean Concentrations (EMCs). 

A number of statistical analyses were performed on all the contaminant EMC datasets. These 
analyses included: 
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lid®nt.ffylng the contamlnart deteclion freqiUfincy (see Secttori 4.3). Thfe informMion Is 
important for two reasore: it identifies the ^occuinrence and source of a 'Cortaminant 
which may then be comparedi tO' other sources tor further analyse, .and future control 

and: ilt: provides linslght as to th© type of siaistical .analyses which should be usedi. 

Deteritiining the concentration probabiljty distribytlon function. This operation is required 
for sybsequent stiatistical analyses. 

Establishing the relationship .between the EMC and event voluime. If a fuiniCtional 
relationship between the EMC^ and ©vent: volume exists, the relationship may be^ 'Used to 
estimate contaminant loadings. Conversety, i no relationship exists, the Average Event 
Mean Concentration (AEMC) may be used to estimate contamlnart loadings (the AEMC 
is deined as the mean 'Of the individual EMCs for a given number of events). 

Comparing the AEMiC ibetween land uses. If significant differences, exist between land 
uses, then the AEMC. and volume produced by a given land use' will have to te used to 
calculate loadings. If the dfferences are not significant, then an aggregate database may 

be used to estimate discharge concentrations for oiutfells cortainlng runoff from a 

combination of land uses. 

Comparing AEMCs fromi storm sewer discharges to discharge, which contan 'CSO' and 
to WPCP bypass, effluent. This diata may be used to gauge the signricanoe and relative 
importance of the diflerent sources. 

4.3 Statistical Melliodologles for Estimating Event Rieaii Coneeiitratiom (EMCs) 

istimatioTO of^ the EMC were reqiuired. for diifferent data sets to ^sess tte possible con'ei:ation wih 
flow, land us©^ or sewerage type. If such relationships exM. then only thrt data which w.'a® relat'ed to 

a given flow volume, land use or sewerage type would ^be^ used to predict loadinigs. for a given 
catchment or outfall. 

For each co^nstftuent data set. there were three basic types, of resuls which were recelvedi fromi the 

analysis, of the water qu.aliity samples.: 
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non-detected; 
rarely detected: and 

frequently detected. 

Concentration data Is not provided In this report for the non-detected and rarely detected parameters. 
The Probability Distribution Estimation or PDE method was used for calculating the mean and variance 
for parameters within a given data set which have a significant number of non-detectable values. 
Statistical summaries presented in this report have Included a measure of variability in the mean 
estimate described by the Confidence Interval (CI) or the 95 percent confidence limit for the mean, i.e., 
the mean would lie within the CI limits, ninety five times out of one hundred. The CI for the mean Is 
much narrower than the range of values within the probability distribution. 

The Probability Distribution Estimation method is a statistical procedure for the description of left- 
censored chemical data distributions. Left-censored data distributions are those that have several 
values at or below the analytical detection limit (the let side of the distribution) with the remainder 
being above the detection limit. One algorithm of the PDE technique called the Maximum Likelihood 
Estimation (MLE) technique has been used by the USGS (United States Geological Survey) for the 
description of chemical data with many less-than-detectable observations and has recently been 
accepted by the MOE for handling water chemical data in descriptive applications. It is a direct 
method of estimating the mean and variance (or standard deviation) from the knowledge of the form 
of the distribution (generally normal or log-normal) and the proportion of observations which are left- 
censored (less than detection). The estimates of mean and variance are made by using the 
non-censored data to estimate the characteristics of the distribution, by implicitly extrapolating to 

w 

provide real estimates for the detection limit data and then estimating the median of the full 
distribution. It is recommended for use when up to 80% of the distribution is censored and where 
there Is a minimum number (3 to 5) non-censored or deleted valyes. 

For some data sets where criteria for the PDE technique were not met. other more traditional 

approaches were considered, inclyding:: 

replacing all censored data with one-half the detection limit value: and 

linear regression principles to fit a straight line to the non-censored data set on a 

probability plot (BEAK. ia®1). 
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The method used for each parameter is denoted in the data tables. 

Loadinig estimates were then made after the foltowing evaluations and calculations were made: 

the probability distribution function was determined for the concentration data examined • 

the AEMC for each site and for each land! use was calculal'id; 

comparison of the AEMCs by land use. discharge type (i.e.. CSO. storm and the Main 

WPCP' byipass. effluent) was carried O'Ut; and 

the relationship ibetween the measured: EMC and event flow volium© w.^ eMamined for 

representative data sets. 

4.4 Conlsmiiiaiit CoiiGentratlon Oharacteristles 

4.4.1 Frequency of Contaminant Detection 

The following provides an overview with respect to the frequency of detection for various constituents: 

generallly. alii constftyerts which were anatyz'ed. were detectedi- 

■ -' conventjonal water quality consttuents (e.g.. TSS, IP. CO'D. phenols and fecal coiiorms) 

were detect:ed 90' to 1 00 iperoent of the time: 

foyr metals (alumlnumi. barium. mang.an'^e and zinc) were det:ect.ed 1 '00' percent of the 
ime; 

wlh the exception of .arsenic, cadmium and seienium, the remaining metals were 
det'ected more than 80 percent of the time: 

organoehlorlne pesticides, were detect'ed ibetween 2 »d 100 percent of^ the time; 
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alpha and gamma BHC ware detected in 100 and 96 percent of tlie samples. 
respectively: 

chlorobenzenes were detected at frequencies ranging between 18 and 73 percent with 
1 ,2.3.5-tetraclilorobenzene being detected the most frequently: and 

PAHs were detected in 60 to 1 00 percent of the samptes. 

4.4,2 Probability DistribLrtion of Water Quality Concentrations 

In order to apply the PDE technique for estimating loadings, the nature of the probability distribution 
needs to be characterized. Some data sets are well represented by a normal distribution while others 
are approximated by a log-normal distribution. 

An analysis of the individyal data sets and of the aggregated data sets was made graphically by 
plotting the cumulative frequency distribution assuming either a normal or log-normal distribution. In 

most cases, the distribution approximiates a straight line on the log-norm:al probability plot due to the 
wide variation (generally several orders of m^agmitode) in the concentrations for a given constityenit. 
Representative log-normal probability distribution plots are presented in Figures 4.1 and 4.2 for data 
from all outfalls. The aggregation of the data seta shown in Figyres 4.1 and 4.2 does not change the 
nature of the plots since the data from each outfall has similar concentration ranges and median 
values (see below). 

A second method for determining the probability distribution of a data set is to examine values of the 
third and fourth moment of the distribution - skewness and kurtosis. respectively. Data fitting a 
normal distribution will have a value of for skewness and 3 for kyrtosis. The values of the dPerent 
moments of the distribution (first: average: second: variance- third: skewness; fourth: kurtosis) are 
given in Appendix 2 for a variety of parameters (metals, conventional parameters, etc.) using the raw 
set and log transformed data. The resylts show that generally the data fits a log-normal distribution 
which is in agreement with previous studies (NURP. 1983). 

It is concluded that the log-normal distribution is a better description of the concentration database 
than the normal distribution for purposes of making loading estimates. 
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4.5 Relationship Between Event Mean Concentration and Runoff Volyme 

A study carried out by the United States Environmental Protection Agen^cy (NiURP, 1983) found that 
there is no significant relationship between the EMC for a given event and the rynoff volyme. This 
potential relationship was examined in this study by plotting EMCs against runoff volumes at various 
sites and for several constituents. 

Typical plots are presented in Figures 4.3 and 4.4 for total suspended solids and iron, respectively. 

Individual plots for 3 mionitoring stations, i.e.. Station 4 (O'ytfall 1102). Station 11 (Brooklavi^n) and 
Station 7 (C'ecill CSO) are given. These stations were selected .as they represent various land uses 
and discharge types. Generally, the plots show that the EMCs are independent of flow volume and 
remain relatively constant. 

To confirm this relationship, the EMC was regressed against event volumes for data collected at a 
residential and CSO monitoring station (No. 7 and No. 11. respectively) for SO water quality 
parameters. The slope of any relationship, the corretation coefficient and the significance of the slope. 

using the t-test staistic are given in Appendix 2 (Tablm A.5 and A.6). The 95 percent confidenoe 
Interval was used to test the significance of the regre'SSlons. A value of less than "T or equal to 2.0' 
suggests that the slope is significantly different from zero and that the regression is slgnlGarrt. The 

res;ults show that there is no significant relationship between the EMC and event volume implying that 
the EMCs are independent of discharge volumie. 

The average EMC (AEMC) compytsd for data collectied over all events incorporates the variaibility 
within the data set. Pollutant loadings for a given contamiinant may therefore be expressed as the 
prodU'Ct of the AEMC and the volume of runoff for the specified events. 

4.§ Com'iparisO'n of Concentrations from Various Land Uses 

Intuitively, urban runoff contaminant concentrations have been thought to be dependent upon land 
use characteristics. This conclusion is logical due to the variation in activities and contaminant 

sources for the different land uses. Recent .studies (NIURP. 1983: Marsalek. 19B^i have, however, 
found no significant difference in AEMCs for different land uses. The following steps were carried out 

in order to determine whether the AEMCs for this stU'dy area vary based on different land use types. 
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Daa were obtainecJ for the following land uses which were considered in this study- 
residential: 
commercial: and 
Industrial. 

Data were also obtained for storm sm/em which contain CSO. 

In Taiate 4.2. a summary of the estimated AEMCs for the more frequentfy detected water quality 
parameters are preserted by land use. The AEMC values and their con-^ponding confidence 
inten/ala were computed by grouping the data from the monitoring stations represent^ivB of similar 
dominant land uses and using the MLE and other techniques outlined earlier in this report. Detailed 
tables of AElMCs. number of samples, number of detections and conidence intervals are pfovided In 
Appendix 3. 

Data from the various land uses were compared statistically to data from the residential sites. The 
comparisons were considered appropriate given that residential activities dominated the land uses at 
a minimum of 70 percent of the available land. Data comparisons between commercial-residential. 

industrial-residential and CSO-residential sites were examined statisticaJfy for each parameter using 

the t-statiistic. The resufts are tabulated in Appe-ndk 2. Table A.7 .and A.8. 

In a technical sense, the differences are said to be statistically slgnfficart at a 5% level of signlcance 
I the l-statistic is larger than the appropriate test value. As a rough rule of thumb, the mean 
concentrations are significantly dlerent i the t-statistic is larger than approximately 2. Analyses of 
the data Indicates that, for each comparison, only S to 10 out of 25 parameters are signfflcantly 
different (Le.. commercial-residential, industrial-residential and CSO-resldential). That is, most of the 
parametefs have th© same mean value, irrespective of Its origins when the variation in the data is 
accounted for. Furthermore, several parameters show significant difference for only one land use 
comparison. For eMampte. mercury shows signricant difference only between CSO and residential 
sites fmd beryllium shows significant differences only between industrial and reidential land us^. 

Qualitatively, the finding that the different land uses have essantlally the same mean values, is 
supported by the fact that none of the land uses of commercial or industrial are truly single land uses. 
Rather, the monitoring stations represent catchments which have a significant component of the 
designated land use in addition to some residential activity. For the catchments designated as CSOs. 



Table 4.2 ESTiyATED EVENT MEAN CONCENTRATION FOR WATER 


1 
1 




QUALITY PARAMETERS BY LAND USE 


1 






COMMERCIAL 


RESIDENTIAL 


INDUSTRIAL 


CSO 


PARAMETER 


Units 


STATION 


STATIONS 


STATIONS 


STATIONS m 






(#6) 


(#4, #10, #11) 


(#3, #5, #i) 


(#7 & #8)< m 


GiNERALCHEHIISIHY 










t 


Alkalinity (as CaCOS) 


mg/L 


103.000 


63.300 


110.000 


m 

112.000 


Cyanide - AvI. Unfil. React. 


mg/L 


0.002# 


0.007# 


0.002# 


0.007# ,^ 


Chemical Oxygen Demand 


mg/L 


601.000 


724.000 


837.000 


857.000 ■ 


Phenolics (4AAP) 


yg/L 


17,200 


17.400 


14.300 


19.200 ■ 


Total suspended solids 


mg/L 


220.000 


88J00 


172.000 


115.000 ^ 


Total solids 


mg/L 


722.000 


307.000 


.468.000 


538.000 ■ 


Solvent extiraetable (organic) 


mg/L 


7.080 


7.910 


9.680 


9.JS0 • 


Amimoniuiifi. 


mg/L 


0.088 


Q.mm 


0.190 


0.048 


Nitrates 


mg/L 


O.iiO 


3.660 


10.100 


0.530 m 


Nitrite 


mg/L 


0.110 


0.037 


0.^7 


0.055 K 


Total Kjetdahl Nitrogen 


mg/L 


1.790 


2.370 


2.930 


2.540 


Total Phosphorus 


mg/L 


0.500 


0.420 


0.650 


0.550 ^ 


lACTERIOLOGY 










i 


E-Coli 


CH 


18,200* 


155,000„000 


38,800* 


445,000.000 " 


Fecal Collform IVIF 


OH 


21.900* 


289.000.000 


38,300* 


543.000.000 

1 


HEAVY MiTALS 










■ 


Silver 


mg/L 


0.005 


0.003 


0,.002 


0.003 1 


Aluminum 


mg/L 


6.650 


1.380 


1 .570 


1 .490 


Arsenic 


mg/L 


0.001 # 


0.001 # 


0.002# 


0.001 # ^ 


Barium 


mg/L 


, 0.074 


0.026 


0.051 


0.057 ■ 


Cadmium 


mg/L 


0.001 


0.001 


0.018 


0.001 ■ 


Chromium 


mg/L 


0.01 1 


0.009 


0.027 


0.01 1 


Copper 


mg/L 


0.066* 


0.027 


0,460* 


0:064 '9 


Iron 


mg/L 


12.600 


2.,950 


5,.470 


4.870 ■• 


Mercyry 


ug/L 


0.088 


0.051 


0.039 


0.081 


Manganase 


mg/L 


0.250 


0.120 


0.130 


0.300 m 


Niekel 


mg/L 


0.028 


0.007 


0.015 


O'.OIO 1 


Lead 


mg/L 


0.084 


0.037 


0.048 


0.063 


Selenium 


mg/L 


0.001 # 


0.001 # 


0.001 # 


0.001 # ^ 


Zinc^' 


mg/L 


0.300 


0.120 


0.320 


0.170 ■ 


NOTE: All estimat:es Iby MLE mrethod; except: *regress.lon usedi, #tradlioinall miethod used 


IP- 


CH = count^100mL 










1 

1 
1 
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Table 4.2(cont.) 



ESTIMATED EVENT MEAN CONCENTRATION FOR WATER 
QUALITY PARAMETERS BY LAND USE 







COIVIMERCIAL 


RESIDENTIAL 


INDUSTRIAL 


cso 


PARAiyiETER 


Units 


STATION 


STATIONS 


STATIONS 


STATIONS 






(#6) 


(#4, #10, #11) 


(#3, #5, m) 


(#7 & #S) 



ORQANOCHLORIDE PESTICIDES/ 
CHLOROBENZENES 



Alpha^BHC 


ng/L 


3J00 


2.170 


1.270 


2.110 


Gamma-BHC 


ing/L 


2.8i0 


1.370 


0'.520 


2.360 


1 ,2 ,4-Trieh!orobenzene 


ng/L 


NO 


3.250* 


3.200 


2.M0 


1 ,2 ,3-Trichlorobenzene 


ng/L 


0.910# 


2.590 


6.320* 


1 .820 


Hecachlorobenzene 


ng/L 


NO 


0.500 


0.170 


0.360 


PP DDE 


ng/L 


NO 


0.1 eo 


0.170 


0.280 


Alpha Chlordane 


ng/L 


3.300 


0.500 


0.390 


0.490 


Gamma Chlordane 


ng/L 


2.850 


0.420 


ND 


0.600 


OP DOT 


ng/L 


0.170 


0.260 


0.380 


0.300 


PP DOT 


ng/L 


ND 


1.160 


0.830 ■ 


1.110 


Dietdrin 


ng/L 


ND 


1.650 


0.220 


0.570 


Hexachloroethane 


n.g/L 


ND 


0.240 


0.140 


0.160 


Trichlorobenzene 1 -3-5 


ngfl 


ND 


0.420 


0.690 


2.540 


Hexachlorobutadiene 


ng/L 


mm 


0.400 


0.220 


0.350 


Trichlorotoluene 2-4-5 


ng/L 


0J10 


0.660 


1.110 


2.570 


Tetrachlorobenzene 1 -2-3-5 


ng/L 


0.540 


3.290 


2.390 


• 2.740 


Trichlorotoluene 2-6-A 


ng/L 


3.910 


0.940 


0.440 


1 .220 


Peintacihlorobenzene 


ng/L 


0.350 


0.730 


0.450 


0.680 



POLYNyCLEAR AROMATIC 
HYDROCARiONS 



Naphthalene 

Acenaphlhylene 

Acenaphthene 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

B'Snio (A) Anthracene 

Chrysene 

B'enzo (B) Fluoranthene 

Benzo (B-K) Fluoranthene 

Benzo' (A) Pyrene 

Indeno (1-2-3 C-D) Pyrene 

Dibenzo (A-H) Anthracene 

Benzo (G-HI-I) Peryiene 



ng/L 

ng/L 
ng/L. 
ngL 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 



198.0 
47.1 

48.5 
91.2 
523.0 
37.6 
690.0 
619.0 
436.0 
332.0 
261 .0 
216.0 
195.0 
162.0 

9.3 
261 .0 



216.0 
17.0 
135.0 
131.0 
646.0 
71.0 
1.019.0 
777.0 
289.0 
■456.0 
618.0 
782.0 
•337.0 
345.0 
137.0 
391.0 



366.0 
16.0 
81 .0 
132.0 
812.0 
34.0 
870.0 
700.0 
263.0 
332.0 
722.0 
364.0 
372.0 
186.0 
13.0 
270.0 



162.0 

11.0 
46.0 
91.0 
847.0 
41.0 
1,136.0 
875.0 
261 .0 
482,0 
557.0 
334.0 
277i0 
322.0 
172.0 
331 .0 



NOTE: All estimates by MLE method except: 
CH = counta/100mL ' 
ND = No Data 



•regression used, #tradi!Jonal method used 
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comparfeon of th# results is fy rther complicated due to the fact mm. the overtows contain signfflcant 

volumes of stomwater from partjially separatecl 



Thie geochemical ratloinial© as to why the concentrations, are similar awaits, further inv^'estigation. For 
parameters which are maitnily dominated by atm:c«pheric depcffittlon. the rationale is; sei-evident. For 
:Other param:eters, a relevant hypothesis, to .explain th^e findings include the fact that: erosion and 
depc^ttlon of dust across a metropolitan urban area is sufficient to average oil local effects and cause 
similar mean values In a concentr^ion data distribution set which vari^ by more than an order of 
magnitude. This suggests that significant differences may be demonstrated only in a well defined 
homogeneous land use having a small catchment area 

Aecordingly. I is concluded that conoentrations in runoff from dlfferBnt land us© along the Toronto 
Waterfront .are essentially the .same in a global .context' for mic^ iparameters. due mainly to the mixtur® 
of land ys^ and the large eydert of risidential areas In all catchments. Hence, aggregrton of the 
data is an appropriate approach for estimating loadinp to the waterfront. The aggregated database 
for catchments with CSO. without CSO and the Main WPCP bypass is presented in Tabte 4.3. Thte 
database wm used to prepare the loading estimates. A comparison of the concentrations for the sit^ 
which did not contain CSO in this study to those from other studte is shown In Table 4.4. The 
comparison indicates that the .concentrations observed in this, study lie wihin the range or within one 
order of magnftude of th^e observed in other studio in 0'rt.ariO' and the Unied Smm. 

The concentrations of different parameten from the residential sets and CSO sttes are similar. 
although slightly higher AEMCs are observed for the CSO data (see Table 4.3). The difference were 
not as significant as typically expected for combined sewer outflows. Typically. CSO discharge 
contain higher concentrations of bacteria and nutrients (see Table 4.^. The similarity in 

concentrations .between the :stormw;ater .and CSO cat'Chments wlhin this study is. largely the rmm of 
the high degrw m sewer separation which now exists in most of the catchments which drain to the 
CSO discharg© points. This resuls in relatively lower frequenci^ and volumes of CSO. Data 
provided In the Scailborough Pollution Control Plan Study (Proctor and Redfem. 19i^ estlmMes the 
CSOs on a/erage make up 1 percent of the smtm discharges for an average event. A com^uison 
of concentraions for sites which contained CSO in this study to thiMe from thre® other ^udi^. 
namely, the U.S. EPA NURP study, the MOE Humber TAWMS Mu:dy .and the UGLCO ^udy. m shown 
in Table 4.5. This comparison indicates that the CSO concentrations observed in this study are 
generally lower. 
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Tabl© 4.3 ESTIMATED EVENT RIIEAN COMCENTRATION FOR WATER QUALITY PARAIIIETERS FOR 

CATCHMENTS WITH AND WITHOUT CSOs AND FOR THE MAIN WPCP BYPASS 







EMC FOR 


EMC FOR 








STATIONS 


STATIONS 


MAIN WPCP 


PARAMETER 


Units 


WITH NO 

cso 


WITH 
CSO 


BYPASS 


GENERAL CHEMISTRY 










Alkalinrty (as CaC03) 


mgil 


83.600 


112.000 


283.000* 


Cyanide - AvI. Unfil. Reaet. 


mg/L 


0.005# 


0.007* 


0.080* 


Chemical Oxygen Demand 


mg/L 


740.000 


857.000 


247.000* 


Phenolics (4AAP) 


ug/L 


16.300 


19.200 


158.000* 


Total suspended solids 


mig/L 


128.000 


115.000 


359.000* 


Total solids 


mg/L 


421 .000 


538.000 


763.000* 


Solvent extractable {organic) 


mg/L 


7.950 


19.950 


41 .500* 


Aimmoniiiym 


mg/L 


0.270 


0.048# 


29.000* 


Nitrates 


mg/L 


4.890 


0.530 


0.037' 


Nitrite 


mg/L 


0.052 


0.055 


0.010* 


Total K|eidahl Nftrogen 


mg/L 


2.420 


2.540 


■ 57.700* 


Total Phosphorus 


mg/L 


0.490 


0.550 


16.1 00* 


lACTERIOLOGY 










E-Coll 


CH 


177,000.000* 


446,000,000 


4,650,000.000' 


Fecal Colirformi MF 


CH 


403,0001000 


543,000.000 


5,900.000,000* 


HEAVY METALS 










Sih/er 


mg/L 


0.003 


0.003 


0.083* 


Aluminumi 


mg/L 


1.760 


1 .490 


3.050' 


Arsenic 


mg/L 


0.001 # 


0.001 # 


NO 


Bariym 


mg/^ 


0.043 


0.057 


0.260* 


Cadmium 


mg/L 


0.005 


0.001 


0.012* , 


Chromium 


mg/L 


0.015 


0.01 1 


0.330* 


Copper 


mg/L 


0.160 


0.064 


0.500' 


Iron 


mg/L 


4.420 


4.870 


32.500* 


Mlercu:ry 


ug/L 


0.050 


0.081 


0.510* 


IMIanganese 


mg/L 


0.140 


0.300 


0.200* 


Nickel 


mg/L 


0.012 


0.010 


0.056* 


Lead 


mg/L 


0.046 


0.063 


0.130* 


Seleniumi 


mg/L 


0.001 # 


0.001 # 


ND 


Zinc 


mg/L 


0.190 


0.170 


0.770* 



NOTE: All estimates by MLE method except, * regression used, # tradftional miethod used. 
CH-=coynts/100mL 

STATIONS WITH NO CSO = #3, #4. #5, #6, #9, #10, & #11 
STATIONS WITH CSO = #7 & #8 
ND = Not Detected 



"geometric mean 



Table 4.3Ccont.) ESTIiyiATED EVENT MEAN CONCENTRATION FOR WATER QUALITY 

PARAMETERS FOR CATCHIiENTS WITH AND WITHOUT CSOs AND FOR THE 

MAIN WPCP BYPASS 



PARAMETER 



Units 



EMC FOR 


EMC FOR 




STATIONS 


STATIONS 


MAIN WPCP 


WITH NO 


WITH 


BYPASS 


CSO 


CSO 





ORGANOCHLORIDE PESTICIDES/ 
CHLOROBENZENES 

Alpha-BHC 

Gamma-BHC 

1 ,2,4-Trichlorobenzene 

1 ,2,3-Trichlorobenzene 

Hexachlorobenzene 

PP DDE 

Alpha Chlordane 

Gamma Chlordane 

OP DDT 

PP DDT 

Oietdrin 

Hexachloroethan© 

Triohlorobenzene 1 -3-5 

Hexachlorobutadiene 

TriGhlorotoluene 2-4-5 

Tetrachlorobenzene 1 -2-3-5 

Trichlorotoluene 2-6-A 

PentaGhlorobenzene 



ngA. 


1.880 


2.110 


0.570* 


ng/L 


1.140 


2.360 


2.130 


npIL 


6.010 


2.840 


5.110* 


ng/L 


2.430* 


1.820* 


ND 


ng/L 


0.320 


0.360 


0.374'* 


ng^L 


0.160 


0.2S0 


0.,2e3** 


ng/L 


0.680 


0.490 


0.283# 


ng/L 


0.600 


0.600 


0.164# 


ng/L 


0.320 


0.300 


0.1 84# 


ng/L 


1 .090 


1.110 


0.41 6# 


ng/L 


0.800 


0.570 


0.3.22** 


ng/L 


0.180 


0.160 


0.085# 


ng/L 


0.480 


2.540 


0.1 56# 


ng/L 


0.320 


0,350 


ND 


ng/L 


0.830 


2.570 


ND 


ng/L 


3.250 


2.740 


0.833** 


ng/L 


0.760 


1 .220 


0.11 r* 


ng/L 


0.620 


0.680 


1.507** 



POLYNUCLEAR AROMATIC 
HYDROCARBONS 

Naphthalene 

Acenaphthylene 

Acenaphthene 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

Benzo (A) Anthracene 

Chrysene 

Benzo (B) Ruoranthene 

Benzo (B-K) Ruoranthene 

Benzo (A) Pyrene 

Indeno (1-2-3 C-D) Pyrene 

Dibenzo (A-H) Anthracene 

Benzo (G-H-l) Peryiene 



ng/L 


215.0 


162.0 


125.9*^ 


ng/L 


18.0 


18.0 


0.4# 


ng/L 


96.0 


46.0 


12.6** 


ng/L' 


108.0 


91.0 


22.7** 


ng/L 


555.0 


847.0 


78.6** 


ng/L 


51 .0 


41.0 


2.7# 


ng/L 


782.0 


1,136.0 


80.9** 


ng/L 


615.0 


875.0 


90.7** 


ng/L 


24i.O 


261.0 


4.9# 


ng/L 


333.0 


482.0 


6.5# 


ng/L 


553.0 


557.0 


1.2# 


ng/L 


570.0 


334.0 


1.2# 


ng/L 


320.0 


277.0 


1..0#' 


ng/L 


274.0 


322.0 


ND 


ng/L 


ii.O 


172.0 


NO 


ng/L 


335.0 


331.0 


NO 



NOTE: All estimates by MLE method eKcept, ' regression used, # traditionai method used, '*geometric mean 
CH= counts/100 mi 

STATIONS WITH NO CSO = #3, #4, #5. #6, #9, #10, & #11 
STATIONS WITH CSO ^ #7 & #8 
ND s Not Detected 



■ lff?f*-f* 



fsf-l 



mBLE 4.4: 



COMPARISON OF STORMWATER EMC DATA 







Wet Weather 










Outfall 






Parannieter 


Units 


Study 1 989 


NURP 


UGLCC 


COD 


mg/L 


f«l 


57-73 


*a>i 


TSS 


mg/L 


ia 


S7-101 


mi: 


TKN 


mg/L 


2.42 


1.18-1.90 


- 


TP 


mg/L 


0.49 


0.20-0.38 


0.16-0.37 


Cadmium 


mg/L 


0.005 


0.014 


0.006 


Copper 


mg/L 


0.16 


0.1 


0.009-0.087 


Iron 


mg/L 


4.42 


- 


3.0-11.4 


Lead 


. mg/L 


0.046 


0.006-0.46 


0.06-0.45 


M'Srcury 


mil 


0.05 


0'.6-1 .2 


0.018-0.18 


Nickel 


mg/L 


0,012 


0.001-0.18 


0.003-0.039 


Zinc 


mg/L 


0.1 i 


0.01-2.4 


0.16-0.48 


Alpha BHC 


ng/L 


1.88 


2.7 


- 


Gamma BHC 


ng/L 


1.14 


7.01 


^: 


Benzo(lb)IFIoiyranthene 


ng/L ' 


563 


1 .000-5.000 


— 


lndeno(1 ,2,3~c-cl)Pyrene 


ng/L 


214 


4,000 


V«I 


Fecal Coliiforms 


Counti/ 
lOOmL 


403,000 


21.000 


. >■* 



TABLE 4.5: 



COMPARISON OF EMC DATA 



Parameter 


Units 


Wet Weather 

Outfall Study 1989 

(Stations El 1 

and Cecil CSO) 


U.S. EPA 
NURP ' 


TAWMS 
HumtDer - 


UGLCC * 


COD 


mg/L 


857 


1M: 


...> 


!— ' 


TSS 


mg/L 


115 


184 


196 


^.. 


Nitrate 


mg/L 


0.53 


1J 


iH(; 


- 


Nitrite 


mg/L 


0.055 


0.1 


(**■; 


- 


TKN 


mg/L 


2,54 


mi 


- 


- 


TP 


m,g/L 


0.55 


2.4 


1.96 


0.4-3.4 


Chromiiuim 


mg/L 


.011 


0.09 


:,t9 


t^-' 


Copper 


mg/L 


,064 


0.102 


0.119 


0.1-0.14 


Lead 


mg/L 


.063 


0.346 


0.182 


0.05-0.29 


Zinc 


mg/L 


.170 


0.348 


0.300 


0.24-0.34 


Fecal Coliforms 


Counts/100 mL 


543,000 


1.000.000 


1 .650.000 


'— 



1 E.D. iDriscolI. *'Combined Sewer Overflow Analysis Methodology". Woodlward Clyde Consultants. 

Oakland. N.J.. October 1986. 

S W.M. Wong. "Humber Sewershed Combined Sewer Overflow Study Technical Report No. 7*. 

Toronto Area Watershed Management Strategy Study. June 1986. 

i J. Marsatek and H.Y.F. Ng, "Contaminants in Urban Runoff in the Upper Great Lakes Connecting 

Channefe Area". Environm.ent Canada, June 1 987. 



^,.,* 



The estimated AEMCs for the Main WPCP bypass after primary treatment are presented in Table 4.3. 
In general, the WPCP bypass has significantly higher AEMCs than the outfalls with and without CSO 
for general chemistry, bacteriological and heavy metal parameter groups. The higher concentrations 
are associated with the sanitary sewage component of the plant's combined sewage influent. The 
influent contains many domestic and industrial discharge sources. 

The WPCP bypass has lower concentrations of organochloride pesticides, chlorbenzenes and PAH's 

compared to both sewer outfall with and without CSO. 

The AEMC's for the Main WPCP Bypass are an order of magnitude higher for Phenolics, Ammonia, 
TKN, TP. all bacteriological parameters tested and for seven of the fifteen heavy metals tested. They 
are wlhin same order of magnitude for most of the organic parameters except PP DDT. 
Hexachloroethane, and Trichlorobenzene 1-2-3-5. which are one order of magnitude lower and 
Pentachlorobenze which is one order of magnitude higher. AEMC's for PAH's are within the same 
order of magnitude except for Acenaphthylene, Phenanthrene. Fluoranthene and Pyrene which are 
one order of magnitude lower and Benzo (A) Anthracene, Chrysene, Benzo (B) Fluoranthene, Benzo 
(B-K). Fluoranthene and Benzo (A) Pyrene which were found to be two orders of magnitude lower, 

4.7 ComiparlsO'n of Olbseirved' Wet to Dry Weather Discharge Concentrations to and 

Water Quality Objectives 

A summary is provided in Table 4.6 of chemical concentrations observed in wet and dry weather 
sewer outfall discharges with water quality standards objectives contained in the following criteria 

docym.ents: 

Metro Toronto Sewer Use By-Laws: 
- Sanitary Sewer Systems, and 
~ •Stonmi Sewer Systems: 

Provincial Water Quality Objectives (PWQO) for the protection of swimming areas or 
aquatic life: and 

Canadian Water Quality Guidelines. 



TABLE 4,,6(a): 



COM'PAWSON OF CONCENTRATIONS MEASUMD IN WATERFRONT STUDIES WITH VARIOUS WATER QUALITY CRITBWA 



Parameter 



Discharge to 

Samta,!^ Sewer 
By-Law Target 

Conceetratfoa 



Discharge, to 
Storm Sewer 
By-Law Target 
Concentration 



PWQO 

Aquatic Life 

(DriiiMng Water) 



Obscirved 
CoBcentritton 

Dry Weather 
Ou:ifalI 



ObsC'rV'ed 

Concentration 

Wet Weather 

Outfalls 



Observed 
Concentration 

RL Clark 
WFP Backwash 



Ob^rv'ed 

Concentration 

WPCP Efflueat 



Observed 
Concentration 
Wieather CSO''i 



BOD 




(mg/L) 


300 


Fecal 


Coliforms. 


(CNT/dL) 


- 


SS 




(mg/L) 


350 


IP 




(mg/L) 


10 


TKN 




(mg/L) 


100 


Phenolics 


(mg/L) 


i 


NO3 




(mg/L) 


- 


Al 




(mg/L) 


50 


Fe 




(mg/L) 


50 


Cr 




(mg/L) 


5 


Pb 




(mg/L) 


5 


Mn 




(mg/L) 


5 


Se 




(mg/L) 


5 


Ag 




(mg/L) 


5 


Cu 




(mg/L) 


3 


Ni 




(mg/L) 


3 


Zn 




(mg/L) 


3 


Total 


Cyanide 


(mg/L) 


2 


As 




(mg/L) 


1 


Cd 




(mg/L) 


I 


m 




(mg/L) 


0.1 


PCBs 




(Pg/L) 


i 


Solvent Eitractoble 


m, 



15 
15 
15 



0.,2 
0.05 



0.01 
0.05 

0.05 



0.001 
0.001 



i 
M 

m . 

i.i 

0.025 

«J 

.0001 
0.005 
0.025 
0.030 

jm 
.0002 

0'.0002 



7-lf 

3g„0OO-3Oi,'0OO 

17-37 

0.2-0.5 

i.8-4 

4-6 

3.1-7.9 

.25-.35 

.63-1.0 

0,008-0.13 

0.008-CI.012 

0.11-.17 

< 0.001 
<0.01 

.040-0.071 
.008-.012 
0,42-.065 

.002-.004 

< 0.002 
<0.'00001 

<0.02 



420 

10,iOOO'-16E6- 

87-188 

0.3-0.7 

1.9-3 

.014-.0lf 

1.1-2.1 

1.2-2.5 

2.7-7.2 

.009-.025 

0.038-0.055 

-.12-. 17 

<.001 

.002-.0O5 

.045-.46 

.0O9-.016 

.14-. 26 

.005 

<.0OI 

.001-.024 

.00004-.00006 



541 



<1 

<2 
63-1100 
0.5-0.9 
2.6-6.2 

< 0.005 
.33-.44 
21-29 

3.5-6.0 
.023-.062 
.01 3-. 033 
0'. 15-0.24 

< 0.001 
0.007-0.25 

.013-.054 
O.OCN5-0,016 
0-019-0.18 

< 0.005 
0.01-0v061 

< 0.005 
0.000035- 

0.000051 

< 0.001 



11-27 

10-10'* 

13-19 

.48-,75 

.22-30 

.009-.011 

0.35-0.39 

.098..4I 

1.7-2.4 

.OOE-.Oll 

.017-.021 

.15-.26 

<.0Ol 

.007-.0I5 

.011-.023 

.043-.068 

.054-.074 

.031 -.038 

<.001 

j002-v004 

j0004-:000i 

NC 
2.2.2.6 



30.00040E6 

85-156 

' .39-.77 

2.2-3.0 

.018-.021 

.16-1,7 

1.1-1.9 

3.1-7.6 

.006-.021 

.049-.081 

.19-,48 

.001 

.033-. 12 

.006-.0I4 

.14-2.1 

.001 
.001 



■* Plant Operating Data, - lower end of range is for o:peratinf conditioniS usmg chlortnition., while upper end is for periods of non-chlomation. 

Reference: Beak Consultants Limited and Pawl Theil Associates Limited, 1991 Stody of 1984 Dry WeaAer Discharges to the Metro'politan Toronto 

Waterfront,, report submitted to the On,tario Ministry of the Environment, 



TABLE 4,6<ti): 



0»ffARISON OP CONCENT'RATIONS Cm|/L) WEMURBD m WATERFIO'NT STUDffiS. WITH GUID1L,MES TOl 
ORGANIC PAlAKfflTEES* 







Observed 


OhmtvM 


'ObiiervsJ 


Ob'scrvwl 






CoaceDtration 


ComceQtntioD 


Conceotfilion 


Conccatnttioo 


Compound 




Diy Weather 


Wet WMtler 


WFP 


WPCP 


(All Uoiti «/L) 


Guideline 


Outfalli 


Ouifalli 


B'tckwiai) 


Effluent 


Aeaols 


2,0a 


i 


17 


<:o.7 


11 


Tolueae 


3001) 


0.02 


- 


<0.1 


<0.3 


Be^ene 


300b 


0.02 


- 


<0.1 


<0J 


AJ:ph»-BHC 


0.092c 


0.001 


0.001 


0.00S 


<0.001 


Gamma-BHC 


0.186c 


0.0005 


0.001 


0.006 


0.01 


Total PGB 


O.OOld 


< 0.003 


<.2J 


< 0.005 


< 0.005 


AntiiaCCTe 


- 


<o.ca 


0.051 


<0.1 


<0.001 


HuoraatleBe 


42c 


<0,02. 


0.782 


<0.1 


0.007 


^Pyrene 


• 


<QM 


0.615 


<0.1 


0.016 


Bcnzo(A)AiilJiraccac 


- 


<o.m 


0.249 


<0.2 


< 0.001 


Chrysciic 


- 


<0.02 


0.333 


<0.1 


0.003 


HcxachJ orobutadicBc 


O.tb 


<0.0OO4 


0.0M24 


< 0.00005 


0.0004 


Btz-2^Ethyl Hcxyl PhlhaJatc 


6b 


7.4 


« 


4 


< 0.002, 


DichJorobenzew; i ,2 


2.5b 


<.02 


» 


<0.08 


< 0.0001 


Dtclilorc4>eiii.cac i ,3 


- 


<0.;02 


m 


<0.08 


<0.iOOOS 


I>jeliJorobctizcBc 1 ,4 


4.0b 

o.Jb 

OJb 


<0.;02 
O.0O2 
<.00Ol 


0.005 
0.002 


<0.2 
0.004 
0.007 


<:0.W03i 
0.03 

o.om 


1. 1 ii.^j.uai.K>c-u/<CrUC ij^,-<t 

TricliIon>bcnzciic 1,2,3 


1 richiontbcazeoc 1 .3 .3 


0.65b 


<. 00005 


<O.0OM 


< 0.0005 


O.OCE 


Tetr»dilorobaii7<Mic 1,2,3,4 


O.Ib 


<.O000J 


< 0.0004 


<0.0O0S 


0.009 


PcDtachlorobcflzcDc 


0.03b 


< 0.00005 


0.00M 


<.0O09 


o.oce 


Hcxachlorobeatcuc 


O.OOfiSb 


<O.0OOO5 


0.0003 


< 0.0003 


0,004 


Hcptachlor Epoxides and HqXacUor 


0.01b 


<. 00001 


<. 00005 


< 0.00001 


<Oj00005 



i wUch do :nol. have "less 'tliM;" sign arc 



average of data above detection limit plus i 
by probdibili^ t 



Data Sourecs: 



a) PWQO - Drinking Waiter. 

b) USEPA - Drinkiof Water (r^resents a 0.0001 incremeBial cancer risk; 

c) CWQ«G - Aquatic Life. 

d) PW(y3- slteraatc specification is zero toleramce limit for drimking wal«. 



lii 0. 



Refereoce: 



Beak Coinsultan'ts 
Waterfront, report. 



lod, Paul Theil Associatci Liidit^, 1991 Study of l§:i4 Diy 

to the Ontario Ministty of the Environment. 
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Of the 36 parameters preserted. 33 are listed in the Metro Model Sevver Use By-Law. The additional 
3 are contained in PWQOs or have a direct aesthetic impact (solvent extractable). Fourteen 
parameters are cited in the stormwater quality by-law while 1 9 parameters have numerical values 
cited in the PWQOs. 

The target concentrations show a decrease in the allowable level from the "sanitary sewer system" 
by-law values through "stormwater system" by-law values to "receiving water" values. The target 

concentrations listed for sanitary sewers and stormwater systems are for discharges to these sewer 
systems. The target sanitary sewer concentrations are substantially higher than discharges to storm 

sewers because sanitary sewerage is treated at wastewater treatmieint plants whereas stormwater 
runoff is generally not treated prior to discharge. The target stormwater discharge to storm sewer 
targets are within a factor of two (2) to five (5) times the PWQOs reflerting the fact that only a modest 
amount of dilution is available before ambient water conditions required by biota occufr. MO'St of the 
parameters given in Table 4.6 have targets listed in the PWQOs. Several parameters (TP„ phenolira.- 
niitrate. iron, manganese, selenlym. silver, total cyanide and arsenic) have PWO-O values but do not 
have target valyes listed in the stormwater criteria statements, 

A parameter by parameter comparison between observed concentrations and PWQO/Sewer Use 
Bylaw Values (stormsewer) is qualitatively sum:marized In Table 4.7 for 1 4 parameters. Qenerally. wet 
weather outfall discharge concentrations are lower than sanitary sewer use by-law targets but are 
generally higher than PWQOs/storm sewer targets for most parameters. For a limited number of 
parameters, namely nitrate, chromium, selenium, arsenic, and mercury, none of the discharge sources 
exceed PWOO'^ values. 

A qualitative comparison between dry and wet weather storm sewer discharge concentrations is given 
in Table 4.8. For all parameters listed wet weather concentrations are greater than dry weather 
concentrations except for TKNI. Phenols. Manganese and Arsenic. For eight parameters (BOD.FC., SB, 
NOg. Aluminum, Copper and Cadmium) the wet weather concentrations exceed dry weather 
conceintratlom by one order of magnitude. All other contaminant concentrations including most 
organic parametere exceed: dry weather concentrations within an order of magnitude, 

A qualitative com:parison between the WPCP effluent levels to wet weather storm sewer eoncentrations 
is given in Table 4.8. For eight parameters (BOD. FC. SS, aluminum, copper, zinc, alpha BHcard 
Qamma - BHC) the WPCP concentrations are lower than the wet weather storm sewer concentrations 
while the WPCP concentrations are higher for twO' parameters (TKNi. nickel and trichlobenzene 1 .2.4). 
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'miBLE 4,J: 



COMPARISON OF MiEASURED VALUiS TO 
PWQO AND STORMWATER TARGETB 



Parameter 



Wet Weather 
Storm Seweirs 



Wet Weather 
CSOs 



BOiD' 

Fecal Coliforms 

SS 

TP 

Phenolles 

Aluminum 

Iron 

Pb 

Ag 

Cu 

Zm 

As 

Cdl 

PCB 



H 
H 
H 
IH 
H 
IH 
H 
H 
HI 
H 
HI 

H 



H 
M 

M 
M 

n 

M 
H 



H 



Measured value is higher than storm sewer discharge and/or PWQO target, 

Delectton limit values. 

Me^ured values were not avajiable. 



rmiE 4.8: 



COMPARISOiN OF WPCP EFiFLUENT' AND DRY WEATHER 
CONCENTRATIONS CONCENTRATIONS TO WET 

WEATHER C0NCE,NTRAT10NS 



Parameter 



Ratio 

WPCP to Wet 

Weather Storm 



BOD 

Fecal Coliorms 

SS 

TP 

JKH 

Phenoiics' 

NO3 

Al 

Fe 

Cr 

Pb 

yn 

Se 

Cu 

Ni 

Zn 

TON 

As 

Cd 

Hg 

Alpha - BHC 

Gamma - BHC 
Trichtorobenz'iiT© 1 MA 
Trichlorobeinizene 1 .2,3 
Trichiorobenzene 1 ,3,5 



I 
L 
L 

H 



L 
H 
L 



Ratio 

Dry to WM 

Weather Storm 



L 
L 



L 
L 
L 

H 
L 
I. 



L « Lower. (<1.0) 

H ^ Higher (>1.Q 

Blank = Same concentration range. 



^■}H^K::'^.f)r' 
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For the remaining ten parameters (namely metals), the WPCP effluent concentrations are similar in 
magnitude to the wet weather stormwater concentrations. Accordingiy, for the majority ol these 
parameters, WPCP loadings are much larger than loadings from the storm sewers because the flow 
rate discharged by the WPCPs is over an order of magnitude larger. 
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5 - ESTIMATED WET WEATHER LOADINGS FOR THE WATERFRONTS 

5.1 SuiTiniary of Oontamlnant Loadings 

In this section, the predicted wet weather loadings for the Etobicoke and Scarborough waterfronts are 
presented and discussed. As a result of the statistical analyses showing no relationship between 
EMCs and runoff volumes, the loading estimates which are presented were computed as the product 
of the estimated AEMCs and the runoff volumes predicted. Tables A.9 (Appendix 2) presents the 
estimated loadings for each catchment or outfall for the summer/fall period (May to October) and for 
the winter/spring (November to April) period. 

Table 5.1 presents a ranking of the pollutant loadings on a catchment basis. The ranking of wet 
weather loading from the various catchments is the same as that presented for volumetric discharges 

(Table 3.5), as the AEMC for each catchment is essentiaHy the same, The following conclusions may 
be drawn: 

the pollutant loading from each municipality is approximately the same: 

outfall L204 in Etobicoke represents the largest catchment in the study area and is the 
largest source of potlutant loading for all constituents. This outfall conveys approximately 
1 9 percent of the total annual loading (Scarborough and Etobicoke, collectively) or about 
42 percent of the loading from Etobicoke; 

the second highest source of loadings is Catchment E1 or outfall L403C in Etobicoke, 
followed by Catchment SI 8 and S6 located in Scarborough. Outfall Li04 discharges both 
storm and combined sewage; and 



all 



other catchments average approximately 2.1 percent of the total annual loading. 



A summary of the wet weather contaminant loadings for each of the Etobicoke and Scarborough 
waterfronts for each period and per annum is presented in Tables 5.2, 5.3 and 5.4. Loading estimates 
forthe winter/spring period were prepared assuming similar concentrations to those measured during 
the symmer/fall period. The winter/spring period therefore produces the largest loads (approximately 
67 percent of the annual load) due to the larger runoff volume relative to the summer/fall period. The 



TABLE i.1 RANIONG OF WATERFRONT CATCHMENTS 
BASED ON WET WIATHER LOADINGS 





PERCENT OF 


MUNICIPAL OUTFALL 


CATCHiyiENT 


TOTAL LOAD 


NUnHBERfS) 


E5 


19.2 


L203B, L204, L205 


E10 


8.2 


L403C 


E8 


6.9 


L308. L309 


S18 


6,8 


919 


S6 


5.9 


900 


S10 


5.5 


903 


S12 


4.0 


925 


S7 


3.6 


904 


E4 


3.5 


IL201,L202. L203A 


S9 


3-5 


901 


S4 


3.2 


908 


SB 


3.0 


918 


S11 


2.8 


931,933,935 


S2 


2.6 


912 


S13 


2.3 


913 


S16 


2,2 


927 


S17 


2.2 


discharges to marsh 


E11 


1.9 


L404 


E9 


1.7 


IL401,L402, L403 


S14 


t.i 


911,909 


S15 


1.6 , 


915 


S5 


1.5 


906 


E7 


1.5 


02, L303, L304, L305, L306, L307 


S1 


1.3 


914 


S3 


1.1 


910 


E12 


0.7 


L405, L406, L407, L40e 


El 


0.6 


LI 02 


E3 


0.6 


LI 04, 11 05 


£2 


0.4 


L103 


E6 


0.3 


L301 



.::.K^S|«'-^v, 



TABLE S.2 SUMMARY OF ESTIiyiATED 

SUyiyiiR/FALL LOADINGS 



PARAMETER 



UNITS ETOBICOKE 
STORM 



SCARBOROyGH 
CSO STORM 



TOTAL 



GENERAL CHEMISTRY 

Chflimi<»|i Oxygen De^mand 

Hardness 

Phenolte (4AAP) 

TotaJ suspsncted soil^ 

Arnfnonium. 

Nitrales 

NKritg 

Total KieWhal Nitrogen 

Total Phosphorus 

iACTERIOILOGY' 
E-Coi 
Facal Ceiorm MF 

HEAVY METALS 
Silver 
Aluminum 
Arsenic 

liariym 

Cadmium 

ClirO'mlum 

Copper 

Iron 

Mercury 

Han^nesa 



Sol«nium 
Zinc 



feg 

kg 
Kg 

teg 

Trts 
Tcts 

kg 
kg 
kg 

m 
kg 

kg 

kg 

m 

§ 

kg 

m 

kg 
kg 

kg 



1,579.000 

35 

258v000 

499 

6,551 

107 

5,1M 
1.059 

7,868 
11.270 

6 

3,48a 

2 

97 

6 

29' 

243 

9,538 

122 

3sa 
m 

lOi 

.2 

7m 



ORGANOCHLORIDEPESTICIDES/CHLOROBENZENES 



At>lia-BHC 

Gamrrai-BHC 

1,3,5-Trtc:hlorotoenzene 

1.2,4-Trlctitorob«nzene 

1 ,2.3-Trichtorob«nzen© 

Haxaehtoropbeniene 

PP DDE 

Alpha Chiilor^ne 

Gamma Chtorcteiia 

OP DDT 

PP DDT 

Dieldrln 

Hexachloiroethaine 

HexachloiBbulaclfene 

Trichtorololuena 2-4-5 

TBtrachtorobanzwii 1-2-3.5 

Trtehterotoluena 2-6-A 

Pentachlorobanztne 



img 
mg 

m 

mg 
mg 
n^ 
mg 

m 

mg 
mg 

:mg 
img 
mg 
img 
mg 
mg 
mg 
mg 



Acenaphthylen© 

Aceniaptith6m< 

FJuoreno 



POLYNUCLEAR AROMATIC HYDROCARBONS 

g 
g 
g 

g 

g 

g 

Fluoranthona g 

ipyrftn© g 

Benzo (A) Anthracene g 

Chrysena gi 

Bmm (B) Fluoranthene g 

Benzo (B-K) Flooranthena g 

Benzo (A) Pyrene g 

Indeno (l-g-a C-D) Pyrene g 

Dtoenzo (A-H) Anthracene g 

Bmzo (Q-H-l) Perylanai g 

Tcts - Titra counts (10^12) T - Tonnes kg - WtogranB. g - grams, img - imillgraire 



4.026 
3.073 

9,706 
4,356 

eis 
3ir 

.1.314 

1,161 

614 

2.125 

1,546 

349 

626 

1.610 

6,308 

1.48S 

1,203 

527 
36 

ITS! 

282 

2.346 

97 

3.178 

2,1^ 

708 
1,406 

1J501 

1.036 

496 

234 
591 



.547,1000 

150,800 

12 

89,150 

172 

2.262 

37 

1.767 

366 

2.726 
3.903 

2 

1,207 

1 

33 

2 

10 

86 

3,2iS 

42 

122 

7 

36' 

1 

129 

1,393 

1,063 
1.479 

3.35.1 

1.508 

229' 

117 

4m 

42i 

1^7 
7'86 
572 
129 

231 

sm 

2.^ 
548 

445. 

182 

12 

61 

S7 

811 

33 

1,099 

739 

245 

486 

790 

Sid 

358 

17a 

81 

204 , 



1,358.000 

374.800' 

30 

.^0,900 

438 

5.600 

32 

4.400 

900 

6,7®) 
%7Q0 

5 

3,000 

1 

83 

S 

24 

210 

8,200 

100 

300 

19 

SO 

1 

^0 



2, WO 
3,700 

i.aK» 

3.700 

568 

291 

1,206 

1.066 

564 

1,951 

1,420 

321 

575 

1,478 

5,791 

1,361 

1.104 

450 

30 

ISO 

240 

2,000 

83 

2.700 

1,800 

600 

1.200 

1,960 

1.300 

900 

430 

200 

500 



3,484,000 
961,600 

77 

568.050 

1.101 

14,413 

23i 

11.275 

2.325 

17.354 
24,873 

13 

7,6.96. 

4- 

213 

13 

:54S 

■21,033 

264 
77S 

48 
231 

4 
1,243 

a.9'1i 
6.736 
9.456 

21.357 
§.564 
1.417 
726 
3.006. 
.2.657 
1.405 
4.861 
3,537 
799 
1,432 
3,684 

14,432 
3.TO1 
2,752 

i.iSi' 
78 

390 

619 
5,157 

213 
6,177 
4.678 
1,553 
3,092' 
5.034 
3,320 
.2.I2S4 
1.100 

515 
1,295 



TABLE S J SUMMARY OF ESTIiyiATlD 
WINTEWSPRING LOADINGS 



PARAMETER 


UNITS 


ETOBICOKE 


SCARBOROUGH 


TOTAL 






STORM 


cso 


STORM 




GENiRAL CHEMISTRY 












Cheml^ OjEygen Domand 


^ 


3.T31„iai 


1;093j000 


3,488,1000 


7,712,000' 


H^dness 


kg 


164,000 


302.000 


M2,»0 


2,128.300' 


Phenolfcs C4AAP) 


^ 


70 


24 


77 


171 


Total sy^pericJecl soJicte 


»<g 


510,000 


17i.Q« 


568.'600 


1,256,600 


Ammoniym 


itg 


987 


345 


1,100 


2,432: 


Nitrates 


its 


12.962 


4,52S 


14.400 


31,887 


NWe 


Kg 


214 


75 


240 


529 


Total l^ldhal Nirogtn 


kg 


10.126 


3.534 


ii,a» 


:24,i60' 


TolaJ Phosptiorua 


kg 


2,099 


733 


2,300 


5.132' 


BACTERIOLOGY 












E-Coll 


Tcts 


15,590 


S.440 


17.350 


38,380 


Fmm Conform MF 


Tcte 


22,208 


7,797 


24.:S00 


55.035 


HEAVY METALS 












Sllvar 


m 


12 


4. 


13 


29 


Alumhum 


m 


i,S30 


2,413 


7.880 


17.033 


Arsenic 


kg 


4 


1 


3 


a 


Barlym 


m 


194 


ea 


200 


4ea 


Cadmiym * 


kg 


12 


4 


13 


29 


Chromium 


kg 


S7 


m- 


iSOi 


137 


Copper 


kg 


4i5 


171 


SSOi 


1.217 


Iron 


kg 


18,886 


6,Si2' 


21.000' 


46,478 


Umcuty 


g 


242 


85 


270 


S97 


Manganesa 


kg 


700 


244. 


760 


1,704 


Nickel 


kg 


4S 


IS 


m 


tto 


Lead 


kg 


210 


n 


230 


513 


Selenium 


kg 


4 


1 


3 


s 


line 


kg 


741 


2S9 


830 


1,830 


ORGANOCHLORlDEPESTICIDES/CHLOROiENZENES 








Alpha-BHC 


mg 


7.S77 


2.7a6. 


8„«0i 


18,653 


©amna-BHC 


mg 


6.Mi 


2.126 


i,780' 


15.005 


1 ,3„5-Trtehtorob«nz«n© 


mg 


8.479 


2,iS5. 


9.440 


20,874 


1 ,2,4-Trichtorobenzan8 


mg 


19.217 


i,701 


21,390' 


47,308 


1 ^,3-Tirtehlorob#nzeflie 


mg 


8,'64C 


3,021 


9,620' 


21.287 


Haxachlorctienzene 


mg 


i.zia 


458. 


1.137 


2.833 


PP DDE 


mg 


835 


235. 


583: 


1,452 


Alplia Chiortene 


mg 


2.i2a 


972 


2.412 


6,012 


Qamnia Ghfordane 


mg 


2.323 


m§ 


2,133: 


5,314 


OF DDT 


mg 


1.228 


454 


1.127 


2. 809 


PPDDT 


mg 


4.249 


1.571 


3.901 


9,722 


DteldHn 


mg 


3.092 

isa 


1,144 

258 


2,8M' 
.641 


7.075 


H©xactitoro#than a 


PTig 


1,598 


Hexachtorobutadiene 


mg 


1.252 


.4®3 


1.149 


2.664 


Trtehlorololw«ne ;2:-4-5 


"^ 


3,:S:1 


1,191 


2.957 


7.369 


Tetrachtorobenzan© 1-2-3-S 


mg 


12,615 


4,6«S 


11.582 


28.863 


Trtehlorololuene 2-a-A 


mg 


2,965 


1,(M6 


2.7m 


6.783 


Pentactiilorotaiizens 


mg 


2.406 


890 


2M» 


5.504 


POLYHUCLiAR AROMATIC HYDROCARBONS 








Naptthalen® 


9 


1.0SS 


3iS. 


1,160' 


2.580 


Acefjaphlhytene 


9 


73 


25 


80 


178 


AeenapMliene 


g 


3:-sa 


124 


390 


872 


Fltiorene 


g 


MS 
4.6i4 


195 
1.S23: 


§20' 
5,170 


1.380 
11.487 


PlierianttiFene 


g 


Afithracene 


9 


19S 


67 


fflO' 


482 


Ryoranthen© 


g 


6.3SS 


2,198 


7,l»0i 


15.553 


Pyrene 


g 


4.278 


1,4S0 


4,720 


10.47S 


Benzo (A) Anthracene 


Q 


1,416 


490 


1,560' 


3.466 


Chiysene 


g 


2.812 


§72 


3,100 


6.884 


Benzo P) Fluorartthena 


g 


4..5i9 


1l.5a0' 


5.040 


11,189 


Benzo (B-K) Fiuofanlhene 


g 


3jOOQ 


1.038. 


3.310 


7.351 


Benzo (A) Pyrtne 


g 


2.072 


717 


2JS0 


5.069 


Indeno (1-2-3 C-D) Pyrene 


g 


'996 


344 


l.l'OO' 


2.440 


Dbenzo (A-H) Anthracene 


g 


469 


162 


520' 


1,151 


Benzo (G-H-l) Psryton© 


! 


1.184 


4(» 


1,300 


2.89-3 



lets - Telra eounts (10^12) T - Tonnes kg - Wtograms g grarm. mg • mllligrarre 



TABLE 5.4 SUPMARY OF ESTIMATED 

ANNUAL LOADINGS 



PARAIIETER 



UNITS ETOBICOKE SCARBOROUGH 

STORM CSO STORM 



TOTAL 



GENERAL CHEMISTRY 

Chemical Oxygen Demanid 



Phenollcs (4AAP) 
Total suspended soli^ 

Aimrnoniuini 



Total KJeWli^ Nitrogen 
Total Phiospihoros 

BACTERIOLOGY 

E-CoU 

FacaJ Collform MF 

HEAW METALS 
SHwer 

Aluminum 



Cadmlom 

Chromiu'm 
Copper 
Iron 
Marcuiry 



Zinc 



kg 
kS 
kg 
kg 
kg 
kg 

Tcts 
Tcts 

kg 
Ng 
(«9 

Kg 

^ 

kg 

9 

kg 
Kg 

kg 



ORGANOCHLORIDEPESTICIDES/CHLOROBENZENiS 



Alpta-BHC 
Gamira-BHC 
1 ,3.,5-Trtahloirobeniene 
1 .2.4-Trlchlorob«nzene 
1 .2,3-Ti-)chtorobenzeinie 
Haxachlofiobenzena 
PP DDE 

Alpha ChtorfcM 
Qamtm Chlorcteine 
OP DDT 
PP DDT 
DtoWrln 

HieM:achtero«than;e 
Hexachtorobiytadiena 
Trlchtoretoly»n« 2-4-5 
Talrachtorobeinieno 1-2'3.5 
■nCrlroroi'Ollleiw d^vf^fK 



mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 

POLYNyCLiAR AROMATIC HYDROCARBONS 

g 



Ffuortne 



tonzo (A) . 
Chrvawn© 
Benzo (B) I 
Banzo (B-K) Fluoranthene 
Benzo (A) IPyrene 
Indeno (1-2-3 C-D) Pyrene 
Dtoenzo' (A-H) Anthracene 
(G-H-l) Pefytene 



4.710,000 


1.640,000 


1.:300„000 


452.800 


10S 


36 


768.,000' 


267, 150^ 


1.48« 


517 


ia,513 


6.787 


32'1 


112 


15.234 


5,301 


3,1 SB 


i.oes 


23.458 


8.166 


33,608 


11.700 


It 


1 


10,419 


3.620 


6 


2 


291 


101 


ie 


6 


86 


30 


744 


258 


28,424 


9.887 


3i4 


127 


1,0S 


3S6 


i7 


m 


315 


109 


6 


2 


1„53S 


388 


12.003 


4.179 


9.172 


3.189 


12.756 


4,434 


28.923: 


10,052 


13.002' 


4.S» 


1.858 


687 


952 


352 


3.941 


1 .458. 


3.484. 


1.288. 


1.842 


681 


6.374 


2.357 


4.638 


1,715 


1.047 


317 


1,87S 


694 


4,,8ai 


1.787 


18,923 


6.998 


4,447 


1.644 


3.608 


1.334. 


1,182 


547 


109 


37 


537 


185 


847 


.292 


7.040 


2.434 


212 


10O 


S,i33 


3Ji7 


i.417 


2J19 


2.124 


735 


4.218 


1.4S8 


6,W3 


2,370 


4.m4 


1,557 


3.108 


1.075 


1.494 


Sli 


703 


243 


1 .775 


613 



4,e46.,000 


ii.i9e,000' 


1,K37.10O 


3..089.9O0 


107 


248 


789,500 


1,824,650 


1 ,530 


3,5OT 


20,000' 


46,.3CK1 


332 


765 


15.7100' 


36,235 


3.200' 


7,457 


24.110 


55.734 


34,600 


79.908 


IS 


m 


10,690 


24.729 


4 


12 


283 


i?i 


18 


.42 


•84 


200 


760 


1.762 


29.200 


67.511 


370 


861 


l.iOSO 


2.479 


69 


lae. 


:^0 


f<4 


4 


12 


1,150 


3,073 


12.:3S0 


2B..572 


9.:380 


21.741 


13.140 


30.330 


29i6eo 


68.665 


13.320 


30.851 


1.705 


4.250 


874 


2.179 


3,S1S 


9.018 


3.199 


7.971 


1.691 


4.214 


5.8S2 


14,584 


4,259 


10,612 


96:2 


2,396 


1.724 


4296 


4,435 


11.053 


17.374 


43,295 


4,083 


10,174 


3.313 


6.256 


1.610 


3.739 


110 


256 


.540 


1,262 


860 


1,999 


7,170 


16,644 


M3 


695 


3.700 


£2.530 


6,520 


15.156 


.2.160 


5.019 


4,30!0 


9,976 


7,000 


16,223 


4.610 


10,671 


3.180 


7,363 


1,530 


3,540 


720 


1.666 


1.800 


4 138 



Tcl'S .- Tetra counti |f0^1i2| T - Tonnes kg • kltograms g • giraros mg - milligrams 
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largest loading events likely occur for 2 or 3 major rainfall/snowmelt events in March and April. This 
is suggested by the historical flow records which show the largest volume of flow for these two 
months, see Figure 3.5. Similarly, during the summer/fall period, the major loading events will occur 
for a few large events. This was illustrated in Figure 3.2 and Table 3.7, where 50 percent of the 
summer/fall seasonal runoff volume occurs over six runoff events ranging between 1 8 and 37 mm. 

5.2 Comparison of Wet and Dry Weatlier Loadings 

A presentation is provided in Table 5.5 comparing wet weather discharge loadings from Scarborough 
and Etobicoke to dry weather discharges prepared for the Etobicoke, Toronto and Scarborough 
Waterfront in a companion study (BEAK and Theil. 1991). In general, the wet weather loads exceed 
or are within the same order of magnitud© of dry weather loads for most parameters. Wet weather 
bacterial loads exceed dry weather loads by as much as 3 orders of magnitude. Nine parameters 
(TSS. Cadmiym, Mercury, Seleniym, Fluoranthene, Pyrene, Chrysene. 1 .2.3-Trichlorobenzene and 
1 ,3.5-Trichiorobeniene) exceed dry weather loads by 2 order of magnitude. Eight parameters (TP. 
Iron. Lead. Nickel, Arsenic. Anthracene, Benzo (a) Anthracene and 1 .2.4-Trichlorobenzene) exceed 
dry weather loads by 1 order of magnitude. 

Intuitively one would expect wet weather loads to exceed dry weather loads due to significantly higher 
discharge volumes. For the Metro Toronto waterfront, dry weather discharge volumes computed for 
all outfalls across the waterfront were found to be similar to wet weather volumes for waterfront 
outfalls in the cities of Etobicoke and Scarborough (BEAK and Theil. 1991). Average dry and wet 
weather discharges are 32 and 37,5 million litres per day (MLD) respectively. 

The higher loads are attributed to higher concentrations, see Section 4,7. Dry weather loads will be 
further exceeded by wet weather loads when contributions from the City of Toronto Waterfront (Phase 

II study) have been added to loads from Etobicoke and Scarboroygh. 



5.3 Comparison of Wet Weathe? O'utfalll and MlaJn WPCP Bypass Loads 

Presented in Table 5.6 Is a comparison of the wet weather outfall loads to loads from the Main WPCP 

bypass. Ten parameters from the general ehemlstry, bacteriological and heavy metal groups (COD, 
TSS. Nitrates. Nitrites, Aluminum. Copper, Manganese. Nickel, Lead, Zinc) have wet weather outfall 
loadings which exceed the Main WPCP bypass loadings. Three of the 1 parameters (COD, Nitrates, 



TABLE 5.5: 



WET AND DRY WEATHER LOADING ESTIMATES IN 1989 FOR 
WATERFRONT OUTiFALLS 









Wet Weather 




Parameter 


Units 


Dry Weather 


Scarborough 
/Etobicoke 


Ratio 

Wet/D'fy 


Co'nventlionai Pairameters 










TSS 


kg/d 


815 


26.244 


IH 


TKN 


kg/d. 


62.6 


85 




Nitrates 


kg/d 


146 


109 




TP 


kg/d 


9.53 


ii 


H 


Baeteria 










Fecal Coliforms 


10'^counts/d 


0.573 


131 


IH 


E. Coli 


10'*counts/d 


0.539 


tm 


H 


Metals 










Aluminumi 


g/d 


1 5900 


5800 




Barium 


g/d 


3540 


2000 




Cadmium 


g/d 


3.15 


103 


H 


Chromium 


g/d 


529 


483. 




Copper 


g/d 


2810 


4000 


HI 


iron 


g/d 


42800 


1 58000 


HI 


Lead 


g/d 


517 


2000 


H 


iManganiase 


g/d 


7390 


6000 




Mercury 


g/d ' 


0.016 


2 


H 


Nickel 


g/d 


10.8 


379 


H 


Zinc 


g/d 


2750 


7000 


H 


Arsenic 


g/d 


3.02 


34 


HI 


Seleniumi . 


g/d 


0.830 


m 


H 


General Orianlcs 










Phenol 


kg/d 


0.251 


0.59 




BHC 










AIpha=BHC 


mg/d 


47 


t? 




■Gamma-BHC 


mg/d 


23 

■0 


11 


■* 


PAH 










Anthracene 


g/d 


0.690 


2.0 


HI 


Fluoranthene 


g/d 


0.690 


53.0 


H 


Pyrene 


g/d 


0.690 


36.0 


H 


Benzoi(a)Antriracene 


g/d 


1.26 


12,0 


H 


Chryseoe 


g/d 


0.640 


23.0 


H 


Other Orgariics 










1 ,2.3-Trichlorobenzene 


mg/d 


0.328 


m 


H 


1 ,2,4-Trichlorobenzene 


mg/d 


50.4 


161 


H 


1 .3.5=Trichlorobenzene 


mg/d 


0.315 


63.7 


H 



kg/d - kilograms/day g/d - grams/day mg/d - milligrams/day H - High L= Low 
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COMPARISON OF ANNUAL WiT WEATHER 
OUTFALL AND MAIN WPCP BYPASS LOADS 



PARAMETER 


UMITS 


OUTFALLS 


MAIN WPCP 
BYPASS 


RATIO 
OUTFALLS/SYPASS 


GiNiRAL CHIMISTRY 










ChemlMl Oxygen Denmnd 


kg 


11,196,000 


170.000 


H 


Hardnass 


1^ 


3,08i,:i00 







Phenolics (4AAP) 


k5 


248 


100 




Total suspended solfe 


1^ 


1,824,650 


247.000 


H 


Ammonium 


kg 


3.533 


19,300 


L 


Nirates 


kg 


4i,300 


m 


W 


NMte 


kg 


765 


m 


M' 


Total KjeWhal NBrogen 


kg 


.36,235 


mjm 




Tetal Phosphoroys 


kg 


7,4S7 


11,100 


I. 


BACTERIOLOGY 










E-'Col 


Tcts 


65.734 


32.000 




Ftcal Conform MF 


Tcis 


79,908 


40,600 




HiAVY IIETALS 










Slivsr 


kg 


42 


60 




Alymlnum 


kg 


24,729 


2,100 


m 


Aisente 


kg 


12 


.„-..., 




Bailyni 


kg 


675 


200 




Cadmium 


kg 


42 


10 




Chromium 


kg 


200 


200' 




Copper 


kg 


1,7i2 


303 


M 


Iron 


kg 


S7.S11 


m,om 


f 


iMercu!^' 


g 


861 


400 




iMan^nese' 


kg 


2,479 


100 


H 


Nickel 


kg 


158 


US 


H 


Lead 


m 


744 


:90^ 


»t. 


Selenium 


kg 


12 






Zine 


kg 


3,073 


§00 


H 


ORGANOCHLORIDEPESTICIDES/CHLOROBENZENES 






Alpha-BHC 


mg 


28,572 


400 


m 


Qamma-BHC 


n^ 


21,741 


1.500 


m 


1 ,3,5-Trlchlorobenzena 


mg 


30,330 


too 


m 


1 ,2,4-Trichlorobenz©n0 


mg 


66,665 


3,500 


m 


1 ,2.3-TrJchtorobenzetje 


mg 


30.851 


ND 




HexacKlorottenzene 


m 


4.250 


300 


M 


PP DDE 


mg 


2,179 


200 


m. 


^ta Chlor^no 


mg 


9,01* 


mo 


m. 


fSamnm Chiordane 


mg 


7,971 


100 


m 


OP DDT 


mg 


4,214 


100 


m 


PP DDT 


mg 


14.584 


300 


M 


DtoUrtn 


mg 


10,612 


200 


m 

W.-t 


Hexachitoiroethafii® 


mg ^ 


2,396 


100 
NO 


m 


Hexachlorobutadlerio 


mg 


4,296 




TncnlorotQluene 2-4-5 


mg 


11,053 


NQi 


i_i 


TfltraehtorotonEene l-E-s-S 
Trlchtor®tc*i@n@ a-e-A 


jmgi 
mg 


43,295 
10,174 


600 
1iOO' 


H 

H 


Pontachlofabenzisna 


mg 


8.256 


1,000 


H 


POLYPIUCLEAR AROMATIC HYDROCARiONS 






Napttalena 


g 


3,739 


100' 


H 


Acenapthylem 


i 


m 


.3 


H 


AcanapthewB 


i 


f^' 


100 


H 


Pluorsn® 


i 


l.iW 


200 


H 


Phenanthrene 


1 


1S.S44 


500' 


H 


AMtumcena 


i 


695 


20' 


H 


Phjoranthene 


i 


^.530 


600 


H 


Pyr©ne 


i 


15.15i 


600 


H 


B&nm (A) Anlhirmcma 


i 


5,01 i 


30' 


H 


Chiysain© 


1 


i.S76 


m 


H 


Benzo (B) Fluoraiitheni 


• 


16,^3 


m 


H 


B#nzo ffi-K) Fluoranthtn© 


1 


10,671 


# 


H 


BenzO' (A) l^rene 


i 


jflm 


7- 


H 


lindtno (1-2-3 C-D')i Pyren* 


i 


s^ti 


ND 




Dbenzo (A-H) Anthracene 


i 


1.686 


ND 




Benzo (G-H-l) Psryleni 


§ 


4.188 


ND 





Tds - Tetra counts (10^12) T - Tonnes kg ■ Icilograrm g - grams mg - miigraire H - High L - Low NO - Not Datseted 
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Nitrites) have concentrations in wet weather discharges which exceeded the WPCP discharges. 
therefore the primary cause for higher outfall loadings is due to discharge volume and concentratiori. 

All sewer outfall loadings for organochlorine pesticides, chlorobenienes and PAH's exceed loadings 
from the WPCP bypass by 1 to 3 orders of magnitude. The higher loadings are attributed to higher 
volumes and concentrations in stormwater runoff. 

The Main WPCP bypass discharges annual loadings which exceed outfall loads by one order of 
magnitude for Amimonium and Total Phosphorus. Furthermore the bypass discharges loadings of 
Phenolics, TKN. bacteria. Silver, Barium. Iron. Chromium and Mercury are within the same order of 
magnitude as outfall loadings. The cause for these relative loading conditions is due to significantly 

higher concentrations in bypass flow, see Section 4.6 and lower discharge volumes (5 percent of 
sewer oiutfalis). 

In summary, the Main WPCP bypass, which is physically a single discharge source, servicing a 
relatively larger drainage area, with relatively lower discharge volumes may contribute loadings of 
Ammonium and Total Phosphorus, some heavy metals, and bacteria which are equal to or greater 
than all sewer outfalls discharging to the Waterfront from Etobicoke and Scarborough under wet 
weather conditions. Organchlorine pesticides , chlorobenzen© and PAH loadings are less than storm 
sewer outfall loadings by 1 to 3 orders of magnitude. 
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6 - SUMIVIARY AND CONCLUSIONS 

i.l General Summaiy 

This study has presented estimates of wet weather contaminant loadings from urban runoff for storm 
andi com:bined sewers which discharge directly to tiie Etobicoke and Scarborough waterfronts. The 
loadings have been prepared and summarized for 60 water quality parameters from the following 
water chemistry groups. 

General Chemistry; 

Bacteriological: 

Heavy Metals 

Organochlorine Pesticides/PCB/Chlorobenzenes: and 

Polynuclear Aromatic Hydrocarbons, 

The study was comprised of the following tasks: 

a field monitoring program: and 

a modelling exercise to estimate outfall discharge volumes and contaminant loadings. 

The field program involved the collection of flow volumes and constituent concentrations at seven 
representative storm outfalls, two combined sewer outfalls and the Berry Street combined sewer 
overflow and Metro's Main WPCP Primary Treatment Bypass. The data collected in the field program 
was then used as a basis to estimate flow yolumes and pollutant loadings from each of the 28 
waterfront sewersheds in Etobicoke and 1 8 waterfront sewersheds in Scarborough, 

The following procedure was then used to estimate constituent loadings for each of the 88 parameters 

which were considered: 

the field data was symmarized based on flow volume (i.e.. the total runoff volume for a 
given event or period) and Event Mean Concentration {i.e., the mean concentration of the 
constituent over the sampling period): 

the sewersheds were categorized based on the dominant land use type; 
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the probability distribution function was determined for water chemistry data sets 
representative of a given land use: 

the Average Event Mean Concentration (AEMC) for each land use was calculated using 
either the Maximum Likelihood Estimation (MLE) method, or substituting one half the 
detection limit value for all censored data or a linear regression fit on a probability plot: 

AEMCs were compared by land use. and by discharge type (storm/CSO and storm/WPCP 
bypass): 

volumes of discharge were predicted for the typical summer/fall rainfall conditions using 
continuous simulation and the Stormwater Management Computer Model (SWMM). The 
use of historical rainfall data and continuous simulation techniqyes provided for a 
reasonable prediction of discharge volumes. Rainfall data for the year 1i80 was 
determined to be representative of average summer/fall conditions. Winter/spring 
votumes were estlmiated using a sim^plifled mass balance approach: and 

contaminant loadings were prepared on a seasonal and annual basis for several 

waterfront catchments as the product of the AEMC and the runoff volume predicted. 

The loadings have been provided using the following formats: 

by catchment area (municipal sewer outfall): 
by municipality: 

^^ by sewerage type (stoirm sewer and .storm sewers which CSO): 

by season (summer/fall and winter/spring): and 
by typical rainfall year. 

i,2 Statem'ents 

The following statements have been prepared based on data, analytjcal results and the computations 

prepared in this study. 
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This study has cQllected and documented the first data set for wet weather runoff water 
quantity and quality from all storm sewer outfalls discharging directly to the Etobicoke and 
Scarborough waterfronts. The data sets represent discharges from several sites 
representative of principal land uses, including residential, commercial and industrial. 
Data was also collected for wet weather discharges which contained combined sewer 
overflow (CSO) and for the Main WPCP bypass effluent under runoff conditions. The data 
sets provide a detailed characterization of contaminant concentration including nutrients, 
bacteria, heavy metals and trace organic compounds (organochlorine pesticides. 
chlorobenzenes, PCBs and poly nuclear aromatic hydrocarbons). 

Low level analytical techniques were used to measure concentrations of trace organic 
compoynds. This entailed using solvent extraction procedures on larger sample vofumes 
(16 litres) than normally used (1 litre). This procedure has resulted in improving the 
detection limit by an order of magnitude over normal techniques. 

Of the 88 water quality parameters tested, all were detected in wet weather discharges 
to the Etobicoke and Scarborough waterfronts. Heavy metals were in general detected 
In more than 80 percent of the samples. Many trace organic compounds were identified 
in most of the wet weather samples. 

Trace organic substances which were detected in more than 50 percent of the samples 
include: 



Frequency of 
Contaminant ' DetectlQfli'(%) 



phenols 100 

Alpha BHC 100 

Gamma BHC 96 

1 ,2.3.5-Tetrachlorobenzeni 73 

Dieldrin 63 

Hexachlorobutadiene 63 

Pentachlorobenzene 63 

Hexachloroethane 57 

1 .2.4-Trichlorobenzene 57 

26A-Trlchlorotoluene 57 

1 .3.5-Trichlorobenzene 51 
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AJI PAHs listed below were detected for 60 to 1 00 percent of the samples. 



Substance 



Naphthalene 

Aeenaphthylane 

Acenaphthene 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

Benzo (A) Anthracene 

Chrysene 

Benzo (IB) Fluoranthene 

ianzo (B-K) Fluoranthene 

Benzo (A) Pyrene 

indeno (1 -2-3 C-D) Pyrene 

Dibenzo (A-H) Anthracene 

Benzo (G-HI-I) Perylene 



Freayenc¥ of 
Deteclten (%| 

100 

75 

94 

94 

98 

88 

too 

100 
94 

96 
87 
85 

83 
79 
60 
81 



Total PCBs were detected in 1 percent of the samples. 

The frequency of detected trace organics in wet weather discharges exceeds those 

measured in dry weather sewer outfall discharges (BEAK and Theil, 1991). 

The concentration of conventional parameters, heavy matals. organoehlorine pesticides 
and PAHs have been compared to levels specified in the Model Sewer Use By-Laws 
Provincial Water Quality Objectives (PWQOs) and Canadian Water Quality Guidelines 
(CWQQs). In general, wet weather discharges were found to be in exceedanc© of those 
levels specified in the by-laws and objectives for BOD. Fecal Coliorms, Total Suspended 
Solids. Total Phosphorus, Phenolics. Aluminym, Iron, Lead, Silver, Copper. Zinc and 
Cadmium, 



Outfall concentrations have been compared under dry and wet weather conditions. The 
results show that wet weather concentrations are iarger than dry weather concentrations. 
Wet weather concentrations are significantly higher by an order of magnitude for BOD. 
Fecal Coliform, Suspended Solids, Nitrates, Aluminum, Copper and Cadmium. 
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6. Statistical analysis of the water quality data shows that there Is no significant relationship 
between the Event Mean Concentration (EMC) and the outfall discharge votume. This 
allows for the calculation of contaminant loading as the product of the average EMC 
(AEIVIC) and event runoff volume. 

7. The statistical analysis showed that the AEMC is independent of land use type. The lack 
of difference between the AEMCs between the different land uses may. in part, be due 
to such items as atmospheric contamination being uniformly distribyted over the area and 
the land use patterns within the study area (i.e., a direct comparison of distinct land uses 
was not possible as all commercial and industrial sewersheds contained some residential 
lands). 

8. Comparison of the AEMC from stormwater discharges, stormwater discharges which 
contained CSO and the Main WPCP bypass indicated the following: 

- Contaminant concentrations generally show no significant difference between 
discharges of stormwater runoff and stormwater runoff containing CSO for all 
parameter groups except bacterial. This is due to high levels of sewer separation 
within the combined sewer systems resulting in minimal quantities of CSO 
discharging into the storm sewer system: 

stormwater discharges containing small quantities of CSO showed consistent but 
marginally higher concentrations for four bacterial parameters: and 

- the Main WPCP bypass showed significantly higher concentrations usually by as 
much as an order of magnitude for most parameters in each parameter group with 

the greatest differences occyrrifig for Ammonia. Total Phosphorus and bacteria. 

9. Water quatly concentrations for outfalls containing CSO were considerably lower than 
those reported in literature data (NURP. TAWMS. UGLCCS). These lower concentrations 
are attributed to the high degree of sewer separation which has occurred within the 
combined sewer areas. 
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Water quality concentrations for outfalls not containing CSO were within the range or 
within an order of magnitude of those observed in other Ontario and United States 
Stydies. 

10, The distribution of precipitation over a year is fairly uniform. However. literalur© and 
stream flow data for several local watersheds suggested that runoff volumes for the 
winter/spring period are approximately twice those occyrring for the same quantity of 

rainfall for the summer/fail period. This finding was used as the bas^is for estimiMing 
winter runoff volumes and loadings. 

The distribution of rainfall/rynoff from ©vent to event varies significantly. For example., the 
7 largest rainfall events (7 of 66)- during the summer/fall period ganerate in approximately 
50 percent of the runoff volume. The y etro Main WPCP however, seirvices a much larger 
sewerage area of 26570 ha. This area is approximately seven times greater than the 
Etobicoke and Scarborough waterfront drainage area. 

1 1 . When compared to dry weather discharges, wet weather loadings from sewer outfalls are 
a signiicant soyrce of bacteria, heavy metals and organic contaminants. Wet weather 
loadings to the Etobicoke and Scarborough waterfronts compared to dry weather 
loadings for the Etobicoke, Toronto and Scarborough waterfront are found to be: 

3 orders of magnlude higher for bacteria: 

2 orders of magnitude higher for Total Suspended Solids. Cadmium. Mercyry, 
Selenium. Fluoranthene. Pyrene. Chrysene. 1 .2.3-Trlchlorob©nzene and 
1 ,3.5-Trichlorobenzene: and 

*-! 1 order of magnitude higher for Total Phosphorus. Iron, Lead. Nickel. Arsenic. 
Anthracene, Benzo(a) Anthracene and 1 ,2.4-Trlchlorobenzene. 

The annyal dry weather discharge volume from ail waterfront outfalls Is about the same 
as the wet weather volume from the Etobicoke and Scarborough waterfront outfalls. 

Therefore, the primary cause of the higher loadings Is attributed to higher wet weather 

concentrations. 
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12. The total average annual volume of urban runoff discharging directly to the Etoblcoke 
and Scarborough waterfronts is 1 2.6 million cubic metres. Two thirds of this volume 
discharges in the winter/spring period (November to April) and one third discharges in 
the summer/fall period (May to October). Twenty percent (2.1 million cubic metres) 
contains some quantity of CSO. The distribution of runoff volume between municipalities 
is approximately equal. 49 and 51 percent for Etoblcoke and Searboroygh, respectively. 

13. Fifty percent of the total annual runoff volume originates from 6 of the 46 outfalls. Outfall 
L204 located in Etoblcoke is the single largest discharger of urban runoff to the 

waterfront. Runoff from this sewershed accounts for 1 9 percent of the annual volume. 
The large volume of runoff is attribotable to two factors: the catchment area (380 ha) and 

the high degree of impervious surfaces. 

The wet weather loadings for a given catchment are directly related to the volume of 
runoff as the loadings were calculated based on the AEMC, and flow volume. Thus, the 
six largest catchments (outfalls L204, L403C. L308 and L309 in Etoblcoke. and 91 9, 904 
and 903 in Scarborough) contribute 50 percent of the annual loadings. On average, the 
remaining catchment areas each contribute about 2 percent of the annual loading. 

The annual discharge volume from the Metro Main WPCP bypass is approximately 5 
percent of the annual discharge from all of the Etobicoke and Scarborough waterfront 
outfalls. 

14. The Main WPCP bypass, a single discharge source may contribyte loadings of 
Ammonium and Total Phosphorus in excess of wet weather loads from all waterfront 
outfalls discharging from Etobicoke and Scarborough. Furthermore the bypass discharge 
loadings of Phenolics, TKN. bacteria. Silver. Barium, Iron. Chromium and Mercury which 
are within the same order of magnitude as outfall loadings. The higher loading is 
attributed to significantly higher concentrations in bypass flows compared to sewer outfall 
discharges. Bypass loadings of toxic organic parameters and PAH's are less than the 
loadings from sewer outfalls except for Pentachlorobenzene which exceeds outfall loads 
by an order of magnitude. 
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1 5. The contaminant concentrations and estlmatecl loadings as provided in Appendix 4 may 
be used to set priorities for remediating storm sewer wet weather discharges to the 
Etobicoke and Scarborough waterfronts, 

16. Priorities for future studies should include: 

** additional sampling of wet weather discharges which contain CSO: 

sampling of runoff occurrences dyrlng winter, spring and summer oonditlons to 
assess the temporal variabltlty of water quality concentrations due to seasonal 
variations: 

measurement of urban runoff quantities, partlcularty during winter and spring rynoff 

occurrences to provide estimates of runoff volume' during these seasons. This 
would provide a database for detailed rainlall-rynoff simulation models to predict 
wet weather discharges for the full range of rainfall and snowmei conditions which 
occur in a typical year; and 

assess the impact of the sewer outfall and WPCP bypass soy rces on the receiving 
water including a detatled evaluation of sediments quality and the benthic 
community. Priority should be given to waterfront areas adjacent to the six largest 
outfalls. 
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APPENDIX 1 



TABl£ ALl: WAl^ QUALITY PARAMH!^ LBT 



GeoeraJ Cheinisi^/Heavy Metals 



Ammoma - Total Filter^ Reactive 

Total KjeldaM Nitrogen 

Total Pho^honis 

Total Dissolve Solids 

ToM Suspended Solids 

Toted SoMds 

Dissolved Organic Carbon 

Chemical, Oxygen Demand 

ToM BODS 

ToM C12 

Chloride 

Cyanide 

HydrofHi SiilpMde 

'Cffl .and Grease Bcttactioos 

Phenolcs - Unfflteied Reactive 

Hardness 

Nitta'tes 

Nitrites 

Allffllijiity 

Total, Cd 

Total, Cr 

Tbtal Cu 

ToM Fe 

ToM Hg 

ToM Mn 

ToM, Nl 

ToM, Pb 

ToM Zn 

ToMAl 

ToM ,As 

ToMBa 

ToM Ag 

ToM Se 

ToM Sn 



TABLE Al.l: WATER QUALITY PimAMEl^ LIST 



Orgmicx^Iiloride Pestiddes/CMofoljWK^es/PCBs 



PCB 
HCB 
Heptaclilor 

Aldrin 
pp DDE 

Alpha BHC 
Gamnia BHC 
Bete BHC 

Alpha CMordane 

Gamma CMordaiie 

op DDT 

PP' DDT 

pp DDD 

H^'tacMor Epoxide 

TTiiodanl 

Thiodanll 

TModan Sulpliate 

Dieldiin 

Endiin 

Oxjchlordane 

MethoxycMor 

HcxacMoroeth.aiie 

1 ,3,5~Tnchlorobciizene 

1 ,2,4-Trichlorobeiizeiie 

1 ,2,3-Trichteobeareiie 

Hexachlorobufadiene 

2,4,5-Triciilorotoluene 

2j,3v6-TiicMorotoluene 

1 ,2,4,5-Tetraclilorobeiizeiie 

1,2,3 ,,5-Tetraclilorobeiizeiie 

26A Trichlorotoluenc 

1 ,2,3,4-Tetiachlorobenzeo,e 

PeotacMorobeozeiie 

'OctecMorostyrene 



TABLE. AIJ: WAITER QUALITY PARAMETER, LIST 



Bacteriology 



Fecal ColifO'im 
Pseudomonas Aerugko^sa 
Escherichia CoHform 
FamI, Streptococcus 



Polynuclear Aromatic Hydrocarboos 



Napthaileite 

Be:rizo(a)p;yrene 

Beiizo(gM)peryleiie 

Dibeii2o(ah)an'thraiceEe 

Indeno(l ,2 , 3-cd)pyrene 

Pheoan,threne 

Anthracene 

Fluo,ran'theDe 

Pyrene 

Be:nz(a)anthra'Cene ■ 

Chryseoe 

Ben2o(b)fiuoranthene 

Acenopithylene 

Acenapthene 

Fluorene 

BenzO"p-K)FlouratheEe 



SAMPLE CONTAINER 
CLEANWG ^OCEDURES AND PMOTOCOLS 



BOTTLES 

4 Litre Organic 

• Solvent Rinse ■wife Hexane 

23 Litre: Sample Colection, Bottle 

• Soap and hot water 

• Mmm with tot ■wato- 

• Rinse with distilled watCT 

• .Rinse, with 10% nittic add 

» Min.se with, ^disffllM water 

• Rinse with acetone 
*' Rinse with hexane 

■•'■ Tempo^rary caps o.f ' hexane .rinsed duminum fo.il were used 



SAMPLERS. 

• Hexane Rinse. 



'•' ■ ■■''<'&, ..;.{••■■' 



QBase 

Datalogger setup 



ID' 32 Inistrument: PV 0-Logger depth, velocity 

Commemt: second street north of pumping station site #3 upstream 

Probe: Type 2 (5 psi) Oepth: cm Depth o^ffset: O.OO' cm 
Olrection: Upstream Velocity: m/s Interval: 5 min 

Memory: Wraparound 

Equation; Point velO'City (round pipe) 
Flow: 1/s 



Pipe diameter: 

Default depth: 

F.lo'w coefficient: 

Default velocity: 



■Connection: Direct 



137.16 cm Operate sampler: Yes 

0.00 em Flow quantity: 40^.000K 1 

1 . 0000' Sampler mp'de : High flow 

0,00 m/s Threshold depth: 12.50 cm 



Fl/F 2 -Change ID F3-0upllcate ENTER-View options 
to move, J to select, FIO for Help ' 



Study name: raO'ewws 



NUM Lock Thu Dec 13, 1990 18 41 



QBiise 



- Datalogger setup 



ID': 31 Instrument: PV O-Logger depth, velocity 

Comiment: L102 40t.h street and lake promenade 



Probe: Type 2 C5 psi} Depth: cm 
Dlrectio^n: Upstream VelO'Clty: ra/s 



Depth offset: 0,00 cm 
Interval : 5 min 

Memiory: Slate 



Equation: Point velocity (round pipe) 
Flow: 1/s 



Pipe diameter: 

Default depth: 

Flow coefficient: 

Default velocity: 



Connection: Direct 



91.44 cm Operate sampler: Yes 

0.00 cm Flow quantity: 5.000K 1 

l.OOOOi _ Sampler mode: High flow 

O.'OO m/s Threshold depth: ~ 5.00 cm 



Fl/F2'-Change ID F3-0upl1cate ENTER-View options 



to move, J to select, FlO for Help 
Study name: mpewws 



WUM Lock Thu Dec 13, 1990 18:43 



I 



X„.*p'' %,,., i ,.,,Jaii-f,;;:-: 



Co 



' QSase . 

■— -— ^ . Data logger setup _- 

t^'. f .. «c .. Instrument: PV 0=Logger deptn velocity 

nt: site #5 browns line nixed industrial and residentlar ^^ 



iPro.be: Type 2 (5 psD Depth: cm 
Direction: Upstream Velocity: m/s 



Depth offset: o.OO cmi 
Interval: 5 min 
Memory: Wraparound 



Equation: Manning equation 

Flow: 1/s 



Pipe d la meter 

Slope 

Manning Coefficient 



ConnectiO'n: Direct' 



198.00 cm 

0.0050 

0.0130 



O'perate sampler: Yes 

Flow quantity: 50. 000 K 1 

Sampler miode : High flow 

Threshold depth: 7.50 cm 



to »ove. . to llZTunrrlr „:^-Dup11c^te_ENTER-v1ew options 



Study name: poewws 



mm Lock Thui Dec 13, 1990 18:46 



OB^ase 



Datalogger setup 



/> 10: 7 Ins t rumen t: PV Q-Loqatr deoth v#i«ritv" 

CoBiment: site #6 Kingston road, south of hlghvief Ive at hotll ^ 



Probe: Type 2 C5 psD Depth: imm 
Direction: Upstream Velocity: m/s 



Depth offset: 0.00 i 
Interval: 5 rain 
Memiory: Wraparound 



Equation: Point velocity (round pipe) 
FlO'W: 1/s 



Pipe dfaraeter: 

Default depth: 

Flow coefficient: 

Default velocity: 



ConnectiO'n: Direct 



675.00 mm 
0.00" mm 

1 . 0000 
0.00 iTj/s 



Operate sampler: Yes 

Flow quantity: 2.000K 1 

Sampler mode: High flow 

Threshold depth: 40.00' mm 



'to ™ove, . to lifel-t'Txrfi° ^'Jl^ "'' ' "'' ENTE R-Vlev options 

Study name: moe'wws 



NUiM' Lock Thu Dec 13, 1990 18 48 



i 



QBase 

Datalogger setup 



ID: 26 Instrument: PV Q-Logger depth, velocitv 

Comment: site #7 cecil cres. 



Probe; Type 2 (5 psi) 
Direction: Upstrein 



D'epth: cm 
Vslocity: m/s 



EquatiO'n: Manning equatio'n 
Flow: 1/s 



;:? 



Pipe diaraeter: 

Slope: 

Ma n n 1 ng C oe f f i c1 en t : 



ConnectlO'n: Oiirect- 



135.00 cm 

0.0050 

0.0130 



Depth offset: 0.00 cmi 

Interval : 5 min 

MemoTy: W'raparO'Und 



Operate sani'pler: Ves 

Fllow quantity: IS, 000' K 1 

Sampler mode: High flow 

Thres-ihold depth- 4.00 cm' 



Fl/F2-Change ID F3-D:upli i cate ENTER-View options 
to mO'Ve, i to select, FlO for Help ' 



Study name: Tmevws 



mn Lock Thu Dec 13, 1990 18:51 



Q'Base 



D'ata logger setup 



10: 12 Instruroent: PV Q-Logger depth, velocity 

Comment: site #8 Ell greenwood race track 

Probe: Type 2 (5 -psi) Depth: cm Depth offset: 0.00 cm 
Direct Ion: Downstream Velocity: m/s Interval: 5 min 

Memory: Wraparound 



Equation: 
Flow: 

Channel Height: 
D'e fault depth: 

Flow coefficient: 

Default velocity: 

Width at botto^m: 

Width at top: 



CO' n n e c 1 1 0'H : iD 1 re c t 



Point velocity (rectangular or trapezoidal) 
1/s " ■ 



182.00 cm 
0.00 cm 
1 . 0000 

0.00 m/s 
264.00 cm- 
264.00 ••cm- 



Operate sampler: Yes 

Flow quantity: 50. 000 K' 1 

Sampler mode: High flow 

Threshold depth: 8.00 cm 



Fl/F2-Change JD F3-Dupl1cate ENTER-View options 



"to move, J to select, FlO for Help 

Study name: moewws. 



NUM Lock Thu Dec 13, 1990 18:52 



OBase 

D'ata logger sttup 



ID: H Instrument: PV 0-Logger deptti. velocity 

Comment: site #9 highland creek ditch Installed! in flume 



iProbe: Type 2 (5 psi) iDepth: ft 
Direction: OownstreiBi Velocity: fps 



Depth offset: 0.00 ft 
Interval : 5 min 
Memory ; Wraparound 



Ecioatlon: Simple weir or flume I A * depth~B} 
Flow: 1/s 



Max depth: 
B: 



Connection: Direct 



12.3000 Operate sampler: Yes 

1 . 1 7 ft F 1 ow quantity: 247. 000 1 

1.7200 Sampler mode: High flow 

Threshold depth: 0.21 ft 



Fl/F2-Change ID F3-Duplicate ENTER-View options 
to move, J to select. FIO for Help * 



Study name: moewws 



NUM Lock Thu Dec 13, 1990 18 53 



;:?.~'.?;^;L':f;;. ;:•,«; :;•:<•:■;■; 



QSase 



Datalogger setup 



ID* 5 Instrument: PV Q-Logger depth., velocity 

Corament: site #10 kingston road at^ apt. bldg. 

Probe: Tjpe 2 (5 psi) Depth: m,m O^epth offset: 0.00 mn 
Direction: Upstream Velocity: m/s Interval: 5 min 

Memory: Wraparound 

Equation: Point velocity (round pipe) 
F 1 ow : 1 /s 



Pipe diameter: 

Defaylt depth: 

Flow coefficient: 

Default velocity: 



Connection: Direct 



900.00 mm Operate sampler: Yes 

0.00 mm Flow quantity: 5..000K 1 

1- 0000 Sampler mode: High flow 

0.00 iTi/s Threshold depth: 50.00' mm 



Fl/F2-Change |,D F3-0uplicate ENTER-Vlew options 

to move, J to select, FIO for Help _ i 



Study name: moewws 



NUM Lock Thu Dec 13, 1990 18 54 



OB^ase 
Datalogger setup 



10': 8 Instrum'ent: PV Q-Logger depth, velocity 

Coiiunienit: site #11 brO'O'klawn ave. 



Probe: Type 2 (5 psi) Depth:: cm 
Direction: Upstream Velocity: ro/s 



Depth O'ffset: O.O'O cmi 
Interval : 5 min 
Memory: Wraparound 



Equation: Point velocity (round pipe) 
Flow: II /s 



Pipe diameter: 

Default depth: 

Flow coefficient: 

Default velocity: 



Connectto'n : Oil rect 



137.16 cm Operate sampler: Yes 

0.00 cm Flow quantity: 15.000K 1 

1 . 0000 S amp 1 e r mode : H 1 gh flow 

. 00 m/ s T h res hold depth: 8.00 cm 



Fl/F;2-Ghange ID F3-Duplicate ENTER-View options 
to move, J to select, FIO for Help * 



Study nime: iioewws 



NUHI Lock Thy Dec 13, 1990 18:56 



'-?%;•. 
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APPENDIX 2 



TABLE A2J 
PARAyETER RANGES FOR RUNOFF VOLUilE ERROR ANALYSIS 



HIGH VALUES LOW 
UNITS ESTIMATE USED ESTIMATE 



AVERAGE IMPERVIOUS CHANGED BY 


PERCENT 


20 




15 


AREA CHANGED BY 




PERCENT 


5 




20 


INFILTRATION 


INITIAL 


mm/hr 


30 


40 


70 




FINAL 


mm/hr 


4 


4 


8 




DECAY 


1/sec 


0.0013 


0.001 IS 


0.001 


DEPRESSION STORAGE 


IliP, 


mm 


1 


l.i 


2 




PER. 


mm 


2 


4 ■ 


S 


GROUND SLOPE 




PERCENT 


3 


2 


1 


% IMPERVIOUSNESS 




PERCENT 


75 


50 


25 


WITH ZERO DETENTION 












INFILtHATION RECOVERY 




1/sec 


0.007 


0.01 


0.02 


iVAPORATION 


. 


mm/day 


1 


i 


„i 


ESTIMATED ERROR 




PERCENT 


134 




53 


FROII PREDia'ED 












VOLUilES 













TABLE A2.2 
PREDICTED VOLUMES FROM lyiODELLINO ERROR ANALYSIS 
HIGH AND LOW VOLUME RANGE FOR SUMMER/FALL SEASON (m''3) 



CATCHMEMT 


HIQH 


VALUE 


LOW 




ESTIilATE 


USED 


ESTIMATE 


E5 


1,240.000 


879.000 


517.000 


E10 


130.000 


374,000 


219.000 


E8 


44i,000 


317,000 


187,000 


818 


447.000 


311,000 


181.000 


Si 


388.890 


268,200 


154,215 


€1.0 


3©6.000 


252,000 


145.000 


S12 


261,000 


181,000 


105,000 


87 


231,000 


165.000 


95.200 


E4 


230,000 


160,300 


93,100 


SS 


233,000 


160.000 


91.900 


S4 


214,890 


148.200 


85.215 


SB 


199,000 


137.000 


78.800 


S11 


181.000 


126,000 


73.700 


S2 


175.460 


121.000 


69.575 


S13 


156,000 


106.000 


eo'.ioo 


SI 6 


149,000 


100,000 


56,200 


817 


138,000 


98,700 


57,800 


Ell 


127.000 


88.400 


51,100 


Ei 


110,000 


75,600 


43,100 


S14 


107,000 


75,300 


43.900 


SIS 


107,000 


71.800 


40.000 


S5 


102,805 


70,900 


40.768 


E7 


97,200 


67,300 


38.700 


81 


86,840 


59,200 


34.040 


S3 


73.9Sb 


51.000 


29.325 


IE12 


41,200 


30.000 


12.900 


El 


42.300 


28.600 


15,800 


E3 


38,200 


26.000 


14,700 


m 


24,700 


17.300 


9,890 


Ei 


19,800 


13,500 


7.580 


TOTAL 


6,570,225 


4,579.300 


2,651.608 



Note: High and low valiyes for catcliments withi CSO, Si tO' 86, wer© estimated 

from changes observed from other catchments 



TABLE A2.3 

SUMWARY OF RUNOFF VOLUiyiES FOR THE 7 LARGEST 

SUMMER/FALL RAINFALL EVENTS BY CATCHMENT 







RUNOFF VOLUIIE (m^3| 








CATCHMENT 






EVENT NUMBER 








NAME 


1 


2 


3 


4 


5 


6 


TOTAL 


El 


4,817 


2,748 


1,855 


1,641 


1,677 


1,356 


14,095 


m.. 


2,3i1 


1,713 


1.178 


1,035 


1,035 


856 


8,207 


m 


4,1 3i 


2,533 


1 ,748 


1,499 


1.534 


1,249 


12,703 


m 


21,053 


16,129 


10,919 


9.599 


9,884 


8,207 


75,790 


s 


1M,512 


90,598 


61,089 


52,525 


55.915 


47,815 


414,453 


ii '• 


2,177 


1,320 


892 


786 


785 


642 


6,601 


- m 


9,277 


6,708 


4,532 


3,996 


4,068 


3,354 


31.936 


n 


37,645 


32,828 


22,159 


18,947 


20,268 


17,377 


149,224 


m 


10,847 


7.458 


5.067 


4.460 


4,567 


3,747 


36,146 


E10 


45,745 


38,359 


25,906 


22,337 


23,693 


20,161 


176,200 


E11 


11,740 


8,849 


5,995 


5.281 


5.424 


4.496 


41.784 


E12 


5,816 


2.248 


1,534 


1.320 


1 ,356 


1,106 


13,381 


m 


5,733 


5,548 


3,899 


3,483 


3.421 


2.7'43. 


24.826 


m '■ 


11,718 


11,340 


7,970 


7.119 


6.993 


5,607 


50,747 


m 


4,940 


4.781 


3,360 


3.001 


2,948 


2.364 


21,394 


m 


14,352 


13.88i 


9.761 


8,719 


8,565 


6,867 


62,152 


Si 


6.867 


6.646 


4,670 


4,172 


4,098 


3,286 


29,739 


M: 


25,977 


25,139 


17,667 


15,782 


15,502 


12.430 


112,496 


m 


22,052 


16,557 


11,204 


9,813 


10,2« 


8.528 


78,359 


m 


18,S47 


13;666 


9.242 


8,136 


8,350 


6.922 


65.2W 


Si 


21.945 


15,950 


10.812 


9,492 


9,77/ 


8,136 


76,111 


S10 


34.148 


25,192 


17,'056' 


14,951 


15.486 


12,917 


119,751 


811 


16,200 


12,810 


8.635 


7.565 


7,886 


6.601 


59.697 


812 


23.408 


18,341 


IE 382 


10,776 


11,276 


9,527 


85,709 


SI 3 


16,307 


10,419 


7,101 


6.209 


6,351 


5.174 


51,561 


S14 


9,527 


7,600 


5,138 


4.532 


4,674 


3,854 


35,326 


S15 


11,989 


6,922 


4,746 


4.139 


4.21 1 


3,426 


35,433 


S16 


16,093 


9,741 


6,637 


5,816 


5.923 


4,853 


49,064 


S17 


11,954 


10.027 


6,780 


5,995 


6.137 


5,067 


45,959 


S18 


40;143. 


31.508 


21,302 


18.591 


19,376 


16,307 


147,226 


TOTAL 


574,459 


457.566 


311,234 


271,714 


281.385 


234,974 


2.131,333 



NOTES: 

All volumes estimated from continuous event simulation modelling for 
the typical year of rainfall, except for the combined sewer catGhments 
81 to 86 which were prorated based on annual estimates and ©vent rainfall. 



TABLE ^,4 



SumiMry Oytput of Probabili^fy' Dis'tribytion FiMctioi Teste For a Samplo of Water Qiia:ii^ Parimetera 

SUMMARY OOTPUf FROM LQMS V2.6 Sept, 1990 



Run 1: Concentration file: cheml.wet 
Mean flow IQBARH 205000000. L/d Std: 



230000000. Skew I 1.75 



Discharf© flit; w«tvol.n«w 
Kurt: 6,32 Flow points: 90 



CLogStd or TStdi 



1,494} 



Pararaeter 

Code 
ALKT 
BOD 5 
CCNAUR 
CCNFUR 
CLIDOR 
COD 
.DOC. 



^.Statistical Analysis of Detected Concentrations 



N 
58 

2 
57 
57 

1 
56 

2 



tID 
58 

,2: 

15 



1 

56 

1 



Units 

mg/L 

mg/L 

mg/L 

.rag/L 

:mg/L 

rag/L 

mg/L 



Mean 

97.366 

418.500 

0.021 

0.000 

5.200 

706.929 

332,500 



Raw 'data statistics 



Std 

58.553 
0.000 
0.032 
0.000 
0.000 
977.241 
0.000 



Skew 
1.494 
0.000 
2.114 
0.000 
, 000 
4.031 
0.000 



Kurt 
5,508 
0.000 
8,167 
0.000 
0.000 
24,329 
0.000 



Min 

27.300 

112:000 

0.010 

0.000 

5.200 

18.000 

332.500 



Range 

.Max 

303.000 

665.000 

0.120 

0.000 

5.200 

6416.000 

332.500 



Logle) 
Mean 
4.423 
5.824 
-3,923 
0.000 
1.649 
5.972 
5.807 



Trans.foni Statistics. 



Std 

0.559 

0.000 

0.856 

0.000 

0.000 

1.124 

0.000 



Skew 
0.113 
0.000 
0.906 
0.000 

0.000 

-0.1 iO 

0.000 



Kurt 
2.741 
0.000 
3.408 
0.000 
0.000 
3.497 
0.000 



SUMMARY OOTPUf FRO,M LOADS V2.€ Sept. 1990 



Run 1: Concentration file- ch,em2.w©t 
Mean flow •(QB.AR)^; 2050i00000. L/d Stdl 



230000000. Skew I 1.75 



DisGhacge fllei watvol.new 

Kurt: 6.32 Fiow points 1 90 



ILogStd o.r TStdi 



1.494) 



Parameter 
Code 

.HAIDT 

PHNOL 

RSF 

RSP 

RST 

SOLEXT 

SSIDUR 



Statistical Analysis of .Detected Concentrations 



K 

5 
56 

1 
56 
56 
51 

3 



ND 

5 
56 

1 
56 
56 
46 

1 



Units 

mg/L 
ug/L 
mg/L 

mg/L 
m.g/L 
rag/L 
ug/L 



Mean 

185.400 

21.707 

52.000 

118.14 6 

4 60.148 

9.761 

4.000 



Raw data statistics 



Std 

155.343 

34,188 

0.000 

113.322 

343.837 

9.608 

Q.OOO 



Skew 
1.054 

€.385 
. 000 
2.169 
2.013 

3.406 
0.000 



Kurt 
9.014 

47.902 
0.000 
9.616 
8.335 

19.382 
0.000 



Min 

45.000 
2.400 

52.000 
3.400 

64.000 
1.000 
4. .000 



Range 

Max 

429,000 

260.000 

52.000 

625.000 

1900.000 

60.000 

4,000 



Log(e) 
Mean 
4.892 
2,713 
3.951 
4.331 
5.902 
1 . 950 
1.386 



Transform Statistics 



Std 

0.955 

0.759 

0.000 

1.054 

0.689 

0.819 

0.000 



Skew 
-0.115 

0.S38 

. 000 

-0.787 

-0.089 

-0.016 

0.0 O'O 



SUMMARY OUTPUT FROM. LOADS V2.6 Sept, 1990 



Ryn 1: Concentration file: orgl.wet 
Mean flow (QIAR) : 205000000. L/d Std,: 



230000000. Skews 1,75 



Discharge fllej: wetvol.new 
Hurts 6,32 Plow points j 90 



CLogStd or TStd: 



Kurt 
5.886 
6.216 
0.000 
4.312 
3.447 
3.334 
0.000 



1.494) 



Parameter 

Code 
PIPCBT 
X2HCB 
PIHEPT 
PIALDR 
PIPPDE 
PIMIRK 
P1BH.CA 
P1BH.CG 
P1B.H.CB 
PICHLA 



N 
54 

54 
54 
54 

54 
54 
54 
54 
54 
54 



m Units 

5 ng/L 

8 ng/L 

7 ng/L 

3 ng/L 

5 ng/L 

1 ng/L 

3 ng/L 

2 ng/L 
1 ng/L 

4 ng/L 



Mean 
2501,400 
0.461 
0.499 
3,557 
0,406 
0,340 
1.846 
1,458 
1,400 
0.666 



Statistical Analysis of 
law data statistics 



Std 
4252.714 
0.379 
0.264 
2.394 
0.467 
0.000 
0.926 
1.364 
0.000 
0.531 



Skew 
2 . 087 
0.812 
1.082 
0.235 
3.548 
0.000 
0.840 
1.988 
0.000 
1,470 



Kurt 
12.402 
2.859 
7.220 
3.032 
17,995 
0.000 
4.732 
7.324 
0.000 
4.955 



Detected Concentrations 
Range 
Min Max 
31.000 10000.000 



0.100 
0.190 
0.180 
0.100 

0.340 
0.230 
0.100 
1.400 

0.200 



1.340 
1.000 
1 . 5,50 
2.400 
0.340 
5.000 
6.580 
1.400 
2.000 



Logfeji Transforii Statistica 

Mean std skew Kurt 

6,351 2:.. 122 0.158 7.754 

-1.153 0.924 0.0,30 1,753 

-0.817 0.542 -0.200 5.521 

0,887 1„121 -1.348 S.169 

-1.239 0.767 0.762 4.426 

-1.079 0.000 0.000 0.000 

0,468 0.590 -0.985 4.€0i 

0.024 0.856 -0.009 3.262 

0.336 0,000 0.000 0.000 

-0.667 0,717 0.493 2.523 



SUMMARY OUTPUT FROM LOADS V2.6 Sept, 1990 



Ran 1: Concentration file: bactl.wet 
Mean flow (QBARJ : 205000000. L/d Std: 



230000000. S,kew: 1.75 



Discharge file: wetvol.new 

Ku,rt.: 6,32 Flow points; 90 



(LogStd or TStd: 



1.4 94I' 



Parameter 

Code 
ECMF 
FCMF 
FSMF 
PSAMF 



Statistical Analysis of Detected Concentrations 



U 
4 
41 



ND 
40 

39 
40 



Units 

CH 

CH 

CH 



Mean 
359154. 
527784. 
647 7 4 



Raw data statistics 



Std 

1100631. 
1558971. 

150433. 



PSAi HF___ __41_ 37 _C.H_. I flll , 1?Q M_, -J..-fiQ 

■■i i|K: c{«BiitspB'iooiSB ~ WM '■■ ■■■' 



Skew 
3,966 
3.511 

2.841 
7 



Kurt 
20.015 

15.770 
10.448 
a&,29 



Range 

Min Max 

10,0 5800000. 
30.0 7600000. 
20.0 eiOO'OO. 

6:; 



Log (el 

Mean 
8.937 
9.260 
8.861 

21 ^^ 



Trans form Statistics 



Std 

3.179 

3.187 

2.481 



Skew 

0.181 

0.253 

-0.426 

10 



Kurt 
3.007 
2.918 
3.704 

,8: 



TABLE A2.5 
Summma^ of R^iessioni for H^C Versus Ewmt Volume 



OuAH 

BTOO'klawn • Alkalinity fas CaC03) 

Brooklawn Cyanide - hvl. Onfil- Reaet. 

Brooklawn, Chemical Oxygen „ Demand 

Brooklawa Phenolics C4AAP> 

Irooklawn, Total suspended solids 

Brooklawn Total solids 

Brooklawn Solvent eKtractable Corganic) 

Brooklawn Nitrates 

Brooklawn Nitrite 

Brooklawn Total Kjeldahl Nitrogen 

Brooklawn Total Phosptoorons 

Broo'klawn E-Coli 

Brooklawn Fecal Colifo,rm Iff 

Brooklawn Fecal Streptroccus MF 

Brooklawn Pseodomoaas Aer«gin,0'sa tS" 

Brooklawn Silver 

Brooklawn M-uminim 

Brooklawn Barimn 

■Brooklawn 'Cadmi;uiB, 

Brooklawn Chrofflluoi 

Brooiklawn Copper 

Brooklawn Iron 

Broo'klawn Mercury 

Brooklawn Manganese 

Broo:klawn Mickel 

B^rooklawn lead 

B':rooklaMn Einc 

lro©;klawn H©:xachlorob«nzene- 

Brooklawn leptachlor 

B.roO'klawn .|0,drin 

Brooklawn PP DDE 

Broo;klawa ,Alpha-BHC (He:xachlorocycloheK) 

B.roo:klawn Gaima-BHC fl*i,ndane) 

BrooUawn .Alpha ttlor^dane 

Brooklawn Ganana ttlordane 

Brooklawn FP DDT 

Brooklawn PP DDD 

Brooklawn HeptachloroepoJElde 

Brooklawn TModaa II 

Brooklawn TM^odan Snlphate 

Brooklawn Dieldrin 

Brooklawn, Endrln * 

Brooklawn DlffiT-Methoxychlor 

Brooklawn B.'ejtacbloroethane 

B^rooklawn Tr±chloroben%ene 1-3-5 

Broo'.klawn TrlGhlorobenzene 1-2-4 

BroO'klawn Trl^ehlorobenzene 1-2-3 

BroO'kla*rn HexaclilO'robiita'diene 

Brooklawn Trichlorotoloene 2-4-5 

BEOokla*nii Tetrachlorobensene 1-2-4-5 

Brooklawn Tetrachloro'benzene 1-2-3-5 

Brooklawn TrichlorotO'l'«ene 2-6-A 

Brooklawn TetrachlorO'ben..2ene 1-2-3-4 

Brooklawn Pentactil,oroben2ene 



r*2 



Slope T-t^t 



5 


0.26399 


-0,117 


-1.198 


5 


0.12562 


-0.139 


-0.758 


5 


0.54138 


-0.256 


-2.173 


5 


0.08519 


-0.049 


-0.610 


5 


0.284€5 


-0.146 


-1.262 


5 


0.38600 


-0.135 


-1.586 


5 


0.42871 


-0.290 


-1.733 


S 


0.02562 


-0.072 


-0.324 


5 


0.48548 


-0 . 224 


-1,943 


5 


0.45165 


-0.194 


-1.815 


5 


0.20177 


-0.203 


-1.006 


4 


0.15416 


-0,247 


-0.739 


4 


0.14490 


-0.234 


-0.713 


4 


0.01978 


-0.055 


-0,246 


4 


0.435l§ 


-0.294 


-1..520 


5 


0.00142 


0.007 


0.075 


5 


0.1123S 


-0.115 


-0.712 


5 


0,01936 


0.030 


0.281 


5 


0.39612 


0.344 


1.620 


5 


0.75084 


-0.289 


-3.472 


5 


0. 19014 


-0.144 


-0.972 


5 


0.28594 


-0.127 


-1.266 


5 


0.10682 


0.097 


0.692 


5 ■ 


0.30206 


-0.139 


-1.316 


5 


0.74222 


-0.266 


-3.394 


5 


0.05232 


-0.101 


-0.470 


5 


0.12923 


-0.069 


-0.770 


4 


0.31475 


0.150 


1.174 


4 


0.47836 


0.337 


1.659 


4 


0.70830 


0.367 


2.699 


4 


0.46826 


0.186 


1.625 


4 


0.93182 


0.165 


€.403 


4 


0.80413 


0.258 


3.509 


4 


0.10420 


0.114 


0.5:91 


4 


0.11962 


0.084 


■0.638 


4 


0.22190 


- 122 


0.925 


4 


0.15595 


0.183 


0.745 


4 


0.41099 


0.149 


1.447 


4 


0.11176 


0.111 


0.614 


4 


0.11176 


0.096 


0.614 


4 


0.46883 


0-339 


1 . 627 


4 


0.51621 


-0.349 


-1.789 


4 


0.39114 


-0,147 


-1-388 


4 


0.15595 


-0.177 


-0.74 5 


4 


. 13693 


0.166 


0.690 


4 


. 12475 


0.157 


0.654 


4 


0.37621 


0.299 


1,345 


4 


0.35254 


-0.180 


-1.278 


4 


0-07169 


-0.141 


-0.481 


4 


0.99393 


0.417 


22.169 


4 


0.02510 


0-084 


0.278 


4 


0-11133 


0.132 


0.613 


4 


0.30463 


-0.283 


-1-146 


4 


0.27601 


0.201 


1.069 



TABLE A2.6 
Siminniaiy of R^yoMons fw WdC Vcmis Event Volume 



OutM 



.f% 



Slope T-lcst 



Cecil 


Mkalinity Caa CaCO'3) 


6 


0.07628 


-0.057 


-0.643 


Cecil 


Cyanide - Avl. Onfil. React. 


6 


0.22829 


-0.381 


-1.216 


Cecil 


Chemical Oacygen D^emand 


6 


0.04139 


-0.107 


-0.465 


Cecil 


thenolics I4AAP) 


6 


0,94055 


0.712 


8.894 


Cecil 


Total suspended solids 


6 


0.02014 


-0.070 


-0.321 


Cecil 


Total solids 


6 


0.16055 


-0.204 


-0.978 


Cecil 


Solvent exl:ra,ctable Corganic) 


6 


0.00705 


-0.043 


-0.188 


Cftcil 


Nitrates 


7 


0.02844 


-0-138 


-0.419 


Cecil 


Nitrite 


6 


0.11380 


-0.315 


-0.801 


Cecil 


Total Kjel'dahl Nitrogen 


' 7 


0,05089 


.-0-165 


-0-567 


Cecil 


Total Pbo,sphorous 


7 


0,01879 


-0.075 


-0,339 


Cecil 


1-Coli 


5 


0'. 11665 


-0,525 


-0.727 


Cecil 


Fecal 'Colifona MF 


5 


0,08150 


-0.310 


-0.556 


Cecil 


Fecal Streptrocctis Mr 


5 


0.26278 


-0.497 


.-1.194 


Cecil 


Iseudomooas Aeruginosa MP 


5 


0.02497 


-0,.232 


-0.320 


Cecil 


Silirer 


8 


0,07324 


-0.166 


-0.744 


Cecil 


Aliiii,t.QuaB 


8 


0.00010 


0.006 


. 027 


Cecil 


Barimi ' 


8 


0.000'24 


0.013 


0.041 


Cecil 


Cadni'iMi 


8 


0.733:97 


1.139 


4.395 


Cecil 


ChrmaLvm 


. 8 


0.04i93 


0.l3i 


0,607 


Cecil 


Copper 


8 


0.03912 


0.214 


0.534 


Cecil 


Iron 


8 


0,03538 


0.133 


0.507 


Cecil 


Mercury 


8 


0.05742 


-0.130 


-0,653 


Cecil 


Manganese 


8 


0.00643 


0.070 


0.213 


Cecil 


Nickel 


8 


0.02S01 


0.104 


0.457 


Cecil 


Lead 


8 


0.001425 


0.039 


0,173 


Cecil 


ilac 


8 


0.00167 


0.022 


0.108 


Cecil 


Hexachlorobeiiiene 


6 


0.00654 


0.062 


0.181 


Cecil 


PP DDE ■• 


6 


0.09959 


0.181 


0.744 


Cecil 


Alpha-IHC ( Hexacliloroeyclohex ) 


6 


0.21070 


-0.275 


-1.155 


Cecil 


GafflBa-BSC (Lindane) 


6 


0,11970 


. 177 


. 825 


Cecil 


Alpha. Clalordane 


6 


0.35678 


0.573 


1.665 


Cecil 


Gamiaa, 'Qilorda.ne 


6 


0,35424 


0.489 


1.656 


Cecil 


OP DDT 


6 


0.00000 


0.000 


-1 . 020 


Cecil 


PF DDT 


6 


0.18625 


0.248 


1.070 


Cecil 


Thlodan I 


6 


0.00834 


-0.086 


-0.205 


Cecil 


Dieldrin 


6 


0.16698 


0.287 


1.001 


Cecil 


Endrln 


6 


0.24288 


-0.094 


-1.266 


Cecil 


Heacachiloroethane 


6 


0.12150 


0.125 


. 832 


Cecil 


TrichlorO'benzene 1-3-5 


6 


0.05863 


-0.25S 


-0.558 


Cecil 


■ Triclilorobe.nz.en« 1-2-4 


6 


0.05413 


0.188 


0.535 


Cecil 


Trlchloro'beinzene 1-2-3 


6 


0.05757 


0.216 


0.553 


Cecil 


H!e3£aehlorobutadi.eoe 


6 


0.04690 


-0.136 


-0.496 


Cecil 


Trichlorotoltiene 2-4-5 


6 


0.00461 


-0.059 


-0.152 


Cecil 


TriehlorotolBene 2-3-6 


6 


0.01080 


0.095 


0.234 


Cecil 


TetraGU.orO'benzene 1-2-4-5 


6 


0.02904 


0.109 


0.387 


Cecil 


TetrachlorO'bensene 1-2-3-5 


6 


0.00905 


0.060 


0.214 


Cecil 


Trichlorotoloene 2-6~A 


6 


0.19551 


. 311 


1.102 


Cecil 


Tetrachlorobenzene 1-2-3-4 


6 


0.00003 


. 004 


0.012 


Cecil 


PeiitachlorO'be:nzene 


6 


0.06233 


0,120 


0.577 



TABLE ^.7 



iry ot Computed T-Valuea for determining dlfftrenc«s in 
the Event M'««n Conceetration* (EMC) by Land usb' 



.Indy»trl«l itatlonB (#3, 



Paramater 
Alkalinity (aa eaC03} 
llO'Chenical Oxygen D#ri«nd |S day) 
Cyanide - Ml. Unfll. Reset. 
Cyanide - Free Unfll. Heact. 
Chlorine 

Chemical O'Xygen Deisiand 
Dissolved QTganic Carbon 
HardneBa 
PhenollcB 14M.P) 
Total dlssO'lved aollda ' 
Total auBpended Bollda 
Total lollds 

Sslvent extractable {organic) 
Sulphide 
Amiaoniura 
Silver 
AlUiiinuai 
Araanle 
B.arlum 
iary Ilium 
Cadniym 
Chromiuiiii 
Coppar 
Iron 
fiarcurf 
Manganaae 
Nleltel 
Lead 

Selenium 
Zinc 

Kltrataa 
Nitrite 

TQ'tal Keljehl Nltroien 
TO'tal Phosphoiroua 
E-Coll 

Feeal Coll form .MF 
Facal StraptroceuB MF 
Pseu,do;monaB .Aeruglnoaa iHF 



N US 

13 13 

1 1 

15 2 



II 13 



std 

42.12S 



IIQ 

172 

O.OO'l 



ai7 137.178 



i S9I 

Lof tranafei 

mm. atd 

4,, §34 0.369 



M MB 

15 11 



ill 



CSOa (#7 & m) 

hog T:ran«forn«:d 

Std M«an Std 

il,31S 4.ili 0.438 



Coapariion 
InduBtrlal-ltnldantial CSO-laaliaatial 

.DF P'OOLID ST Co»p-t W PQQIMB IT CoBp-t 
33 O.lil 3. 811 as ©.463 3.71§ 



14 S 277i4.7a 2:.1E+QB l.JZ *.,i22 



6.3i3 



■0.833 14 14 



8S7 2003 . 2 



5.82 



1.36i 



32 



1.101- 1.303 



33 



33 



2.710 



1.391 



1, 101 -0.127 



2 2 


318 




■ 




























14 14 


14.3 


14,169 


2.323 


0.825 


13 


13 


19.2 


8.137 


2.87 


0.407 


33 


0.663 


-i.iis 


32 


0.471 


0.775 


13 13 


172 


525.213 


3.984 


1.S27 


14 


14 


115 


101.868 


4.451 


0.763 


32 


1.159 


-0.484 


33 


0.794 


0.981 


13 13 


468 


233.356 


6,038 


0.471 


14 


14 


538 


341.487 


6.118 


0.582 


32 


0.640 


2.461 


33 


0. 674 


2 . 736 


10 7 
2 1 


9 . 68 

2 


27.097 


1.181 


1.476 


13 


13 


9.95 


9 . 65 


1.967 


0.814 


29 


1.137 


-1.174 


32 


0.872 


0.687 


18 14 


0.002 


0.003 


-6.51 


1.019 


17 


9 


0,003 


0.01 


-7.25 


1.641 


40 


1.362 


1.118 


39 


1.612 


-0.519 


18 18 


1 . 57 


2.234 


—0.102 


1.052 


17 


17 


1.49 


1.264 


0.128 


0.736 


40 


1 . 060 


0.284 


39 


O.fS? 


1.091 


18 2 


0.002 








17 


2 


0.001 




















11 IS 


O.Oil 


0.031 


-3 . 134 


0,864 


17 


17 


0.057 


0.039 


-3.0'IS 


0.63 


40 


0.729 


3.716 


3f 


0.753 


3 . 873 


18 12 


0.018 


0.394 


-7.118 


2.488 


17 


e 


0.001 


0.002 


-8.387 


1.543 


40 


2.275 


2.594 


39 


1.867 


0.965 


18 16 


0.027 


0.08 


-4.72i 


1.502 


17 


14 


0,011 


0.019 


-5.196 


1.175 


40 


1.406. 


1.911 


39 


1.260 


0.921 


li 17 


0.91 


17.352 


-3.04 


2.128 


17 


17 


0.064 


0.112 


-3.149 


1.184 


40 


1.831 


2.004 


39 


1.113 


2.011 


18 17 


5.47 


20.595 


0.341 


1 . 649 


17 


17 


4.87 


5.993 


1.12 


0.961 


4© 


1.323 


-0.737 


39 


0.970 


1.544 


18 13 


0.039 


0.054 


-3.76f 


1.0'27 


17 


17 


0.081 


0.062 


-2.737 


O.S75 


40 


0.889 


-1.90i 


39 


0.723 


2.194 


li 18 


0.13 


0.10i9 


-2.273 


0.718 


17 


17 


0.3 


0.386 


-1.703 


0,993 


40 


0.779 


0.671 


39 


0.903 


2.562 


IS 18 


0.015 


0.017 


-4.594 


0.909 


17 


15 


0.01 


O.Oll 


-5.067 


0.916 


40 


0.930 


2,5S8 


39 


0.934 


0.909 


IS IS 


0.04B 


0.044 


-3.342 


0.78i 


17 


17 


0.063 


0.053 


~3,02S 


0.73 


40 


0.791 


I.06S 


39 


0.775 


2.368 


18 3 


O'.OOl 








17 


3 


O.QOl 




















18 18 


0.32 


0.834 


-2.175 


1.436 


17 


1? 


0.17 


0.123 


-l.f§8 


0.656 


40 


1.052 


0.238 


3f 


0.609 


1,321 


15 7 


0.19 


0',763 


-3,034 


1 . §72 


16 


1 


0.048 








37 


1 . 065 


-8.659 








15 13 


10. 1 


108,137 


-Q.OiS 


2.181 


16 


11 


0.53 


1.696 


-1.834 


1 . 552 


37 


2.392 


1.980 


38 


2.170 


-0.296 


13 11 


0,047 


0.08 


-3.726 


1.161 


14 


10 


0.055 


0.233 


-4,386 


1.72 


32 


1.371 


1.232 


33 


1.596 


-0.116 


15 15 


2.93 


3 . 89 


0.566 


1 . 008 


16 


16 


2.54 


1.63 


0.762 


. 187 


37 


0.927 


0.157 


38 


0.762 


0.992 


15 15 


0.65 


1.724 


-1.467 


1.442 


16 


16 


0.S5 


0,538 


-0.944 


0.823 


37 


1.136 


-0.669 


38 


0.849 


0.996 


10 10 


38B00 


2867200' 


6.264 


2.933 


10 


10 


445000 


■1985320 


10.403 


2.281 


23 


2.697 


-2.705 


23 


2.407 


1,181 


10 10 


3S300 


1872842 


6.663 


2.789 


10 


10 


543000 


5654316 


10.856 


2.167 


22 


2.729 


-1.510 - 


22 


2.459 


1.333 


10 9 


320226 


1 . tE*08 


6 . 304 


3.57 


10' 


10 


45200 


78912 


10.021 


1.182 


23 


2.612 


-2.156 


23 


1.375 


1.7 Si 


10 7 


1569 


1149109 


3.29S 


3.265 


10 


10 


1830 


4591 


6.519 


1,41 


23 


. 2.209 


-2.130 


23 


1.053 


3.031 



Jummary of Computed T-Values for determining dlfferencei In 
the Event Mean Concentrationa (EMC) by Land uae 



CoBmereial Stations 


(#6 








ReBidentlai 


Stations (14, 10 


#11)- 


Comp 


ariaon 












Log 


transformed 








Log 


Transformed 














Parameter 


N ND 


Mean 


Std 


Mean 


Std 


N 


ND 


Hean 


Std 


Mean 


Std 


DF 


POOLED ST 


Conp-t 


Alkalinity (as CaC03) 


6 


6 


103 


65.178 


4.462 


0.582 


22 


22 


63.3 


30.66 


4.042 


0.459 


26 


0.506 


1.601 


Biochemical Oxygen Demand (5 day) 
































Cyanide - Avl , Unfil. React. 


5 


1 


0,002 








21 


5 


0.007 














Cyanide - Free Unfil. React. 
































Chlorine 
































Chemical Oxygen Demand 


6 


6 


601 


663.795 


6 


0.893 


21 


21 


724 


1278.422 


5.877 


1,19 


25 


1.175 


0,226 


PiBSolved Organic Carbon 
































Hardness 














3 


3 


106 


98.296 


4.357 


0.786 








PhenollcB {4XAP) 


6 


6 


17.2 


17.402 


2.491 


0.84 


21 


21 


17.4 


9.013 


2.741 


0.4S6 


25 


0.606 


-0.091 


Total dissolved solldi 
































Total suspended solids 


6 


e 


220 


269.174 


4.94 


0.955 


21 


21 


88.6 


80.594 


4.182 


0.777 


25 


0.852 


1.922 


Total solids 


6 


6 


722 


555.618 


6.35 


0.682 


21 


21 


307 


243.321 


5.482 


0.698 


25 


0.722 


2,598 


Solvent extraetable (organic) 


5 


4 


7.08 


13.222 


1.208 


1.225 


21 


20 


7.91 


S.336 


1.694 


0.865 


24 


0.984 


-0,993 


Sulphide 
































Awiimonium 


6 


4 


0,005 


0.016 


-6.524 


1.556 


24 


15 


0.003 


0.009 


-6.985 


1.521 


28 


1.582 


0.639 


Silver 


6 


6 


6.65 


22.585 


0.629 


1.59 


24 


24 


1.38 


1.875 


-0.196 


1.021 


28 


1 . 198 


1 . 509 


Aluminum 


6 


1 


0.001 




% 




24 


4 


0.001 














Arsenic 


6 


6 


0.074 


0.035 


-2.706 


0.452 


24 


24 


0.026 


0.025 


-3.979 


0.805 


23 


0.774 


3.603 


Barium 
































Beryllium 


6 


4 


0.001 


0.001 


-7.652 


1.094 


24 


9 


0.001 


0.007 


-8.958 


1.995 


28 


1.915 


1.494 


Cadmlui* 


6 


6 


0.011 


0.0-06 


-4i.643 


0.509 


24 


20 


0.009 


0.017 


-5,564 


1.266 


28 


1 . 196 


1 . 688 


Chromium 


6 


5 


0.076 


0.115 


-3.172 


1.091 


24 


24 


0.027 


0.041 


-4.184 


1.08 


28 


1.120 


1.979 


Copper 


6 


6 


12.6 


42.427 


1.28 


1.584 


24 


24 


2.95 


3.494 


0.645 


0.936 


28 


1.135 


1,226 


Iron 


6 


5 


0,088 


0.143 


-3.083 


1.139 


24 


23 


0.051 


0,042 


-3.24 


0.726 


28 


0.854 


0,403 


Mercury 


6 


6 


0.25 


0.309 


-1.831 


0.955 


24 


24 


0.12 


0.112 


-2.436 


0.791 


28 


0.855 


1.550 


Manganese 


6 


6 


0.028 


0.048 


-4.265 


1.175 


24 


21 


. 007 


. 008 


-5.336 


0.907 


28 


1.000 


2.345 


Hickel 


6 


6 


0.084 


0.076 


-2.778 


0.776 


24 


23 


0.0i37 


0.033 


-3.607 


0.771 


28 


. 802 


2.266 


Lead 


6 


1 


0.001 








24 


I 


0.001 














Selenium 


6 


6 


0,3 


0.605 


-2.028 


1.279 


24 


24 


0.12 


0.072 


-2.253 


0.546 


28 


0.779 


0,633 


Zinc 


6 


3 


0.088 


0.062 


-2.63 


0.634 


24 


4 


0.48 








28 


0.293 


-19.633 


Nitrates 


6 


6 


0.99 


0.907 


-0.318 


0.702 


24 


18 


3.66 


68.229 


-1.627 


2.419 


28 


2,269 


1.264 


Nitrite 


6 


6 


O.U 


0.137 


-2.73 


0,99 


2i 


16 


0.037 


0.094 


-4.332 


1.425 


2i 


1,393 


2.469 


Total Keljehl Nitrogen 


6 


6 


1.79 


1.68 


0.27 


0.793 


24 


24 


2.37 


2.362 


0.518 


0.831 


28 


0.152 


-0.637 


Total Phosphorous 


6 


5 


0.5 


1.22 


-1.673 


1.396 


24 


24 


0.42 


0.417 


-1.217 


0.831 


28 


1.005 


-0.994 


E-Coll 


4 


3 


11194 


715796 


6.136 


2.71 


15 


15 


155000 


2311528 


9.242 


2.327 


17 


2.551 


-2.164 


Fecal Coliform MF 


4 


3 


21932 


940838 


6.237 


2.742 


14 


14 


289000 


6259590 


9.499 


2.48 


16 


2.695 


-2.135 


Fecal Streptroccus MF 


4 


4 


52889 


1427774 


7.58 


2.568 


15 


15 


22300 


55301 


9,03 


1.402 


17 


1.B13 


-1.421 


Pseudomonas Aeruginosa MF 


4 


3 


34917 


26427866 


3.832 


3.641 


15 


15 


222 


150 


5.216 


0.612 


17 


1.857 


-1.324 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



APPENDIX 3 



TABLE A3.1 Escimated Event Mean Concentration for water quality' 
parameters by Land use 



Parame 
Alkalinity 
Biochemica 
Cyanide - 
Cyanide - 
Chlorine 
Chemical 
Dissolved 
Hardness 
Phenol ics 
Total diss 
Total SUSP 
Total soli 
Solvent ex 
Sulphide 
Ammonium 
Nitrates 
Nitrite 
Total KelJ 
Total Phos 
E-Coli 
Fecal Coii 
Fecal Stre 
Pseudomona 
Silver 
Aluminum 
Arsenic 
Barium 
Beryll lum 
Cadmium 
Chromium 
Copper 
Iron 
Mercury 
Manganese 
Nickel 
Lead 

Selenium 
Zinc 

Alpha-BHC 
Gamma-BHC 
1,2,4-Tric 
1,2,3-Tric 
HOTEt • re 
CH - 



ter 

{as CaC03) 
1 Oxygen Demand (5 day) 
Avl. Unfil. React. 
Free Unfil. React. 

xygen Demand 
Organic Carbon 

(4AAP) 

olved solids 

ended sod ids 

ds 

tractable (organ Icl 



ehl Nitrogen 
phorous 

form MF 

ptroccus MF 

s Aeruginosa MF 



Commercial St 


ationa (IS) 


N 


ND 


Units 


Mean 


6 


6 


mg/L 


103.000 






mg/L 


NO 


5 


1 


mg/L 


0.0021 






mg/L 


NO 






mg/L 


NC 


6 


6 


mg/L 


601.000 






mg/L 


NC 






mg/L 


NC 


6 


6 


ug/L 


17.200 






mg/L 


NC 


6 


6 


mg/L 


220.000' 


6 


6 


m,g/L 


722.000 


5 


4 


mg/L 


7.080 






ug/L 


NC 


6 


3 


mg/L 


0.088 


6 


6 


mg/L 


0,990 


6 


6 


mg/L 


0.110 


6 


6 


mg/L 


1,7S0 


6 


5 


mg/L 


0,500 


4 


3 


CH 


18200.* 


4 , 


3 


CH . 


21900.* 


4 


4 


CH 


52900,* 


4 


3 


CH 


34900.* 


6 


4 


mg/L 


0.005 


6 


6 


mg/L 


6.650 


6 


1 


mg/L 


0.0011 


6 


6 


mg/L 


0.074 






mg/L 


NC 


6 


4 


mg/L 


0.001 


6 


6 


mg/L 


O.OU 


6 


5 


mg/L 


0.066* 


6 


6 


mg/L 


12.600 


6 


5 


ug/L 


0.088 


6 


6 


rag/L 


0.250 


6 


6 


mg/L 


0.028 


6i 


6 


mg/L 


0.084 


6. 


1 


mg/L 


0.0011 


6 


6 


mg/L 


0.300 


3 


3 


ng/L 


3.300 


3 


3 


ng/L 


2.850 






ng/L 


NC 


3 


1 


ng/L 


0.9101 



Confidence Interval 

78.500 135.000 



317.000 



9.7 80 



106 

4 98 
1 



000 

000 
900 



064 
610 
050 
080 
110 

1280. 

1490. 

4270. 
964. 

0.001 
680 

063 






000 





009 





034 


1 


690 


Qi 


031 





■120 





00 1 





052 





081 


2 


190 





870 



1140.000 



30.300 

157.000 

10i50.000 

2 6.4 00 

0.120 
1.610 
0.240 
2.960 
2.380 

259000. 

322000. 

655000. 

1240000. 

0.034 

50.300 

0.087 

0.002 

0.014 

0.130 

93 . 900 

0.250 
0.520 
0.085 
0.140 

1.110 
4.970 
9.290 



hlorobenzene 
hlorobenzene 

gression used, » traditional method used 
counts/100 mL 



TABLEA3.2 Estimated Event Mean Concentration for water quality 
parameters by Land use 





Res 


identlal 


Stations (14, »10, 


tU) 




Parameter 


N 


NO 


Units 


Mean 


Confidence 


Interval 


Alkalinity (as CaC03) 


22 


22 


mg/L 


63.300 


58.000 


69.100 


Biochtmical Oxygen Demand (5 day) 


1 


1 


mg/L 


665.000# 






Cyanide - Avl. Unfil. React. 


21 


5 


mg/L 


0.007jf 






Cyanide - Free Unfil. React, 






mg/L 


NC 






Chlorine 


1 


1 


mg/L 


5.2001 






Chemical. Oxygen Demand 


21 


21 


mg/L 


724.000 


395.000 


1330.000 


Dissolved Organic Carbon 


1 


1 


mg/L 


333.0001 






Hardness 


3 


3 


mg/L 


106.000 


52.700 


213.000 


Phenol ics {A'kA'Pl 


21 


21 


ug/L 


17.400 


15.700 


19.300 


Total dissolved solids 


1 


1 


mg/L 


52.0001 






Total suspended solids 


21 


21 


mg/L 


88.600 


68.500 


115.000 


Total solids 


21 


21 


mg/L 


307.000 


2 4 9., 000 


378.000 


Solvent extractable (organic) 


21 


20 


mg/L 


7.910 


5.750 


10.900 


Sulphide 






ug/L 


NC 






Ammonium 


24 


4 


mg/L 


0.480JI 






Nitrates 


24 


18 


mg/L 


3.660 


0.350 


38.000 


Nitrite 


21 


16 


mg/L 


0.037 


0.016 


0.088 


Total Keljehl Nitrogen 


24 


24 


mg/L 


2.370 


1.800 


3.120 


Total Phosphorous 


24 


24 


mg/L 


0.420 


0.320 


0.550 


E-Coli 


15 


^ 15 


CH 


155000. 


10000. 


2400000. 


Fecal Conform MF 


14 


14 


CH 


289000. 


11500. 


7250000. 


Fecal Streptroccus MF 


15 


15 


CH 


22300. 


8250. 


60300. 


Pseudomonas Aeruginosa MF 


15 


15 


CH 


222. 


184. 


268. 


Silver 


24 


15 


mg/L 


0.003 


0.001 


0.007 


Aluminum 


24 


24 


mg/L 


1.380 


0.910 


2.090 


Arsenic 


24 


4 


mg/L 


O.OOU 






Barium 


24 


24 


mg/L 


0.026 


0.020 


0.034 


Beryllium 






mg/L 


NC 






Cadmium 


24 


9 


mg/L 


0.001 


. 000 


0.005 


Chromium 


24 


20 


mg/L 


0.009 


0.004 


0,016 


Copper "' 


24 


24 


mq/L 


0.027 


0.017 


0.04 3 


Iron 


24 


24 


rog/L 


2.950 


2,oeo 


4 .190 


Miercury 


24 


23 


ug/L 


0.051 


0.041 


0.063 


Manganese 


24 


24 


mg/L 


0.120 


0,093 


0.150 


Nickel 


2 4 


21 


mg/L 


0.007 


0.005 


0.010 


Lead 


24 


23 


mg/L 


0.037 


0.029 


0.047 


Selenium 


24 


1 


mg/L 


O.OOld 






Zinc 


24 


24 


mg/L 


0.120 


0.110 


0.140 


Alpha-BHC 


19 


19 


ng/L 


2.170 


2.000 


2.350 


Gamma-BHC 


19 


19 


ng/L 


1.370 


1.150 


1 .640 


1,2,4-Trichlorobenzene 


19 


11 


ng/L 


3.250* 


1.650 


6.420 


1, 2, B-Trichlorobenzene 


19 


10 


ng/L 


2.590 


0.210 


32.200 


NOTE: » regression used, i tradic 


iona 


1 method 


used 






CH » counts/100 mL 















TABLEA3.3 Estimated Event Mean Concentration for water quality 

parameters by Land use 



In 



Parameter 


N 


Alkalinity {as CaC03) 


13 


Biochemical Oxygen Demand (5 


day) 1 


Cyanide - Avl . Unfil. React. 


15 


Cyanide - Free Unfil. React. 




Chlorine 




Chemical Oxygen Demand 


13 


Dissolved Organic Carbon 




Hardness 


2 


Phenol ics t4AAP) 


14 


Total dissolved solids 




Total suspended solids 


13 


Total solids 


13 


Solvent extractable (organic) 


10 


Sulphide 


2 


Ammonium 


15 


Nitrates 


15 


Nitrite 


13 


Total Keljehl Nitrogen 


15 


Total Phosphorous 


15 


E-Coli 


10 


Fecal Conform MF 


10 


Fecal Streptroccus MF 


10 


Pseudomonas Aeruginosa MP 


10 


Silver 


18 


Aluminum 


18 


Arsenic 


18 


Barium 


18 


Beryllium 




Cadmium 


18 


Chromium 


18 


Copper 


18 


Iron 


18 


Mercury 


18 


Manganese 


18 


Nickel 


18 


Lead 


18 


Selenium 


18 


Zinc 


18 


Alpha-BHC 


16 


Gamma-BHC 


16 


1,2, 4-Trichlorobenzene 


16 


1,2, 3-Trichlorobenzene 


16 


NOTE; ' regression used, S tradition 


CH = counts/ 100 ml 





dustriai Staci 
ND Units 
13 mg/L 

1 mg/L 

2 mg/L 
mg/L 
mg/L 

13 mg/L 
mg/L 

2 mg/L 

14 ug/L 
mg/L 

13 mg/L 

13 mg/L 

7 mg/L 

1 ug/L 
7 mg/L 

13 mg/L 

11 mg/L 

15 mg/L 
*15 mg/L 

10 CH 
10 CH 

9 CH 

7 CH 

14 mg/L 
18 mg/L 

2 mg/L 
18 mg/L 

mg/L 

12 mg/L 

16 mg/L 

1 7 mg / L 

17 mg/L 

13 ug/L 
16 mg/L 

18 mg/L 
18 mg/L 

3 mg/L 
18 mg/L 
16 ng/L 

14 ng/L 
9 ng/L 
6 ng/L 

al method used 



ons {13, 15, 


IB} 




Mean 


Confidence 


Interval 


110.000 


102.000 


118.000 


172.0001 






0,0021 






m 






m 






837,000 


574.000 


1220.000 


NC 






318,0001 






14.300 


10.000 


20.4 00 


NC 






172.000 


48.500 


611.000 


468.000 


415.000 


528.000 


9.680 


2.510 


37.300 


2.0001 






0.190 


0.046 


0.780 


10.100 


0.910 


112.000 


0.047 


0.023 


0.098 


2.930 


1.750 


4 .900 


0.650 


0.230 


1.860 


38800.* 


6300. 


239000, 


38300.* 


6800. 


216000. 


320000.* 


35000, 


2930000. 


5570.* 


736. 


42100. 


0.002 


0.002 


0.004 


1.570 


0.940 


2.620 


0.00211 






0.051 


0.044 


0.059 


NC 






0.018 


0.001 


0.310 


0.027 


0.009 


0.077 


0.4 60* 


0.180 


1.180 


■ 5.470 


1 . 5 60 


19.200 


0.039 


0.024 


0.063 


0.130 


0.100 


0.160 


0.015 


0.010 


0.022 


0.048 


0.036 


0.064 


O.OOIH 






0.320 


0,120 


0.830 


1.270 


1.070 


1.510 


0.520 


0.360 


0.750 


3.200 


0.410 


25.100 


6.320* 


1.7 40 


23.000 



TABLEA3.4 Estimated Event Mean Concentration for water quality 

parameters by Land use 



Parameter 
Alkalinity {as CaC03) 
Biochemical Oxygen Demand (5 
Cyanide - Avl. Unfli, React . 
Cyanide - Free Unfil. React. 
Chlorine 

Chemical Oxygen Demand 
Dissolved Organic Carbon 
Hardness 

Phenolics (4AAP) 
Total dissolved solids 
Total suspended solids 
Total solids 

Solvent extractable (organic 
Sulphide 
A/Tunonium 
Nitrates 
Nitrite 

Total Keljiehi Nitrogen 
Total Phosphorous 
E-Coii 

Fecal Conform MP 
Fecal Streptroccus MF 
Pseudomonas Aeruginosa MF 
Silver 
Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
I r on 
Mercury 
Manganese 
Nickel 
Lead 

Selenium 
Zinc 

Alpha-BHC 
Gafn/Bd~BHC 

1, 2, 4-Trichlorobenzene 
1,2, S-TrichlorobenEene 
NOTE: » regression used, i t 
CH = counts/100 mL 



CSO 


s Stations 


(#7 & #8.) 






N 


ND 


Units 


Mean 


Confidence 


interval 


15 


15 


mg/L 


. 112.000 


102.000 


123.000 


day) 




mg/L 


NO 






H 


5 


mg/L 
mg/L 
mg/L 


27400.000* 
NC 
NC 


29 60.000 


253000.000 


14 


14 


mg/L 
mg/L 
mg/L 


857.000 
NC 
NC 


322.000 


2280.000 


13 


13 


ug/L 

mg/L 


19.200 
NC 


17.500 


21.000 


14 


14 


rag/L 


115.000 


84.800 


156.000 


14 


14 


mg/L 


538.000 


4 50.000 


642.000 


) 13 


13 


mg/L 
ug/L 


9.950 
NC 


6.940 


14.300 


16 


1 


mg/L 


0.048* 






16 


U 


mg/L 


0.530 


0.160 


1.730 


14 


10 


mg/L 


0.055 


0.012 


0.260 


16 


16 


rag/L 


2.540 


2.150 


3.010 


16 


16 


mg/L 


0.550 


0.390 


0.770 


10 


,10 


CH 


445000. 


17700. 


11200000. 


10 


10 


CH 


543000. 


29600. 


9970000. 


10 


10 


CH 


45200. 


19000. 


107000. 


10 


10 


CH 


1830. 


534. 


6270. 


17 


9 


mg/L 


0.003 


0.001 


0.010 


17 


17 


rog/L 


1.490 


1.150 


1.930 


17 


2 


mg/L 


O.OOlf 






17 


1? 


mg/L 
mg/L 


0.057 
NC 


0.047 


0.068 


17 


8 


mg/L 


0.001 


0.000 


0.002 


17 


14 


mg/L 


0.011 


0.006 


0.021 


17 


17 


mg/L 


0.064 


0.033 


0.120 


17 


17 


mg/L 


4.870 


3.140 


7.550 


17 


17 


ug/L 


O.OBl 


0.065 


O.IOO 


17 


17 


mg/L- 


0.300 


0.1 90 


0.480 


17 


15 


mg/L 


0.010 


0.006 


0.014 


17 


17 


mg/L 


0.063 


0.049 


0.081 


17 


3 


mg/L 


0.0011 






17 


17 


mg/L 


0.170 


0.140 


0.210 


13 


13 


ng/L 


2.110 


1.900 


2.340 


13 


13 


ng/L 


2.360 • 


1.130 


3.220 


13 


9 


ng/L 


2.640 


0.700 


11.600 


13 


7 


ng/L 


1.820* 


0.780 


4.230 


raditiona 


1 method used 







TABLE A3.5 Estimated Event Mean Concentration fox water quality 
parameters for catchments with nO' CSOs 

Parameter 
Alkalinity las CaC03) 
Biochamlcal Oxygen Demand {5 day) 
Cyanide - Avl. Unfil. React. 
Cyanidi - free Unfil. React. 
Chlorinie 

Chtmical Oxygen Deroand 
Dissolved Organic Carbon 
.Hardness 

Phenol tcs C4AAP) 
Total dissolved solids 
Total suspended solids 
Total solids 

Solvent extractable {organic) 
Sulphide 
.Ammonium 
N'itiati.s 
Nit.ritf 

Total Keljehl Nitrogen 
Total Phosohorous 
E-Coii 

F'ecal Conform MF 
Fecal Streptroccus MF 
Pseudoraonas Aeruginosa MF 
Silver 
Aium.inu.m 
Arsenic 
i.a.rium 
Beryllium. 
Cadfniy,m 
Chro.miura 
Copper 
Iron 
Me'icury 
Manganese 
Nickel 
Lead 

Seleniu.m. 
fine 

Alpha-B.HC 
Gamm.a-B.HC 

1,2, 4 - Tr i c h 1 orbbe n z e ne 
1 , 2, 3-Tr ichlorobenzene 
NOTE ^ * regression used. If 
CH = counts/ 100' mL 



N 


ND 


Units 


M^ean 


CO'n fide nee 


Interval 


41 


4r 


mg./L 


83.600 


77.000 


90.800 


2 


2 


mg/L 


419.0001 






41 


8 


rng/L 
mg/L 


0.0051 

m 






1 


- 1 


mg/.L 


5.2001 






40 


4 


mg/L 


74 0.000 


527.000 


1040.000 


2 


1 


m'g/L 


Ifi'S.OOOl 






5 


5 


mg/L 


210.000 


94.300 


4 67.000 


41 


41 


ug/L 


16.300 


14.100 


18.800 


i 


1 


mg/L 


52.0001 






4 0' 


4'0 


ffl.g/L 


128.000 


87.100 


188.000 


40 


40 


m.g/L 


421 ,000 


361.000 


4 91.000 


36 


31 


mg/L 


7.950 


5.520 


11.400 


3 


1 


ug/L 


1.3301 






4 5 


14 


mg/L 


0.270 


0.050 


1.4 70 


45 


31 


mg/L 


4.890 


1.140 


20.900 


40 


33 


mg/L 


0.052 


0.029 


0.093 


45 


45 


mg/L 


2.420 


1..940 


3.030 


4 5 


44. 


mg/L 


0.490 


0.340 


0.710 


29 


28 


CH 


117000. • 


60900, 


514000. 


28 


27 


CH 


403000. 


10000. 


16200000. 


29 


28 


CH 


67900.* 


27300. 


169000. 


29 


'25 


CH 


492. » 


265. 


913. 


4 8 


33 


m.g/L 


0.003 


0.002 


0.005 


48 


4B 


mg/L 


1.760 


1.240 


2.510 


48 


7 


mg/L 


0,001* 






48 


4 8 


mg/L 
mg/L 


0,043 
NC 


0.03 5 


0.052 


4 8 


25 


mg/L 


0,005 


0.001 


0.02 4 


48 


42 


mg/L 


0.015 


0.009 


0.02.5 


48 


4 6 


mg/L 


0,160 


0.056 


. 4 60 


48 


47 


mg/L 


4.420 


2.700 


7.240 


48 


41 


'ug/L 


0.050 


0.@i40 


0.063 


48 


4B 


m.g/L 


0.140 


0.120 


o.no 


48 


4 5 


mg/L 


0.012 


0.009 


0.016 


48 


47 


mg/L 


0.046 


0.038 


0.055 


48 


5 


m.g/L 


0.001* 






48 


4 8 


mg/L 


0.190 


0.140 


0.260 


38 


38 


ng/L 


1.680 


1.170 


2.120 


38 


36 


ng/L 


1. 140 


0.8 50 


1.530 


38 


20 


ng/L 


6.010 


0.950 


38.200 


38 


17 


ng/L 


2.430* 


1.200 


4.910 



t r a d 1 1 i on a 1 met hod us e d 



TABLE A3.6 ESTIMATED EVENT HEAN CONCENTRATION FOR WATER 
QUALITY PARAMETERS FOR THE HAIN STP BY-PASS 



Parameter 

Alkalinity (as CaCO,) 

Biochemical Oxygen Demand {5-day) 

Cyanide - Avl. Unfil, React. 

Cyanide - Free Unfil. React. 

Chlorine 

Chemical Oxygen Demand 

Dissolved Organic Carbon 

Hardness 

Phenoilcs HAAP) 

Total Dissolved Solids 

Total Suspended Solids 

Total Solids 

Solvent Extractable (organic) 

Sulphide 

Ammonium 

Nitrates 

Nitrite 

Total Kjeldahl Nitrogen 

Total Phosphorus 

E-Coli 

Fecal Col i form MF 

Fecal Streptococcus MF 

Pseudomonas aeruginosa MF 

Silver 

Aluminum 

Arsenic 

Barium 

Beryll ium 

Cadmium 

Chrorolum 

Copper 

I ron 

Mercury 

Manganese 

Nickel 

Lead 

Selenium . 

21nc 

Alpha BHC 

Gamma BHC 

\ ,2, 'l-Trichlorobenzene 

1,2, 3-Tr ichiorobenzene 



N 


ND 


Units 


Mean Confidence Interval 


2 


2 


mg/L 


283» 






mg/L 


NC 


2 


2 


mg/L 


0.080* 






mg/L 


NC 






mg/L 


NC 


2 


2 


mg/L 


247* 






mg/L 


NC 






mg/L 


m 


2 


2 


|ig/L 


158* 






mg/L 


NC 


2 


2 


mg/L 


359* 


2 


2 


mg/L 


763* 


2 


2 


mg/L 


41.5* 






Mg/L 


NC 


2 


2 


mg/L 


29* 


2 


1 • 


mg/L 


0.097* 


2 


2 


mg/L 


0.010* 


2 


2 


mg/L 


57.7* 


2 


. 2 


rog/L 


16.1* 


2 


2 


CH 


4^650,000* 


2 


2 


CH 


5,900,000* 


2 


2 


CH 


590,000* 


2 


2 


CH 


56,500* 


2 


2 


mg/L 


0.083* 


2 


2 


mg/L 


3.050* 






mg/L 


NC 


2 


2 


mg/L 


0.260* 






mg/L 


NC 


2 


2 


mg/L 


0.012* 


2 


2 


mg/L 


0.330* 


2 


2 


mg/L 


0.500* 


2 


2 


mg/L 


32.5* 


2 


2 


Hg/L 


0.510* 


2 


2 


mg/L 


0.200* 


2 


2 


mg/L 


0.056* 


2 


2 


mg/L 


0.130* 






mg/L 


NC 


2 


2 


mg/L 


0.770* 


3 


2 


ng/L. 


0.570* 


3 


3 


ng/L' 


2.130 0.830 5.4 60 


3 


2 


ng/L 


5.110* 






ng/L 


NC 



• traditional method used. 
CH » counts/100 mL. 



TAB11A3.7 E«tlBat«-d Mean Event CO'ncentrationB fox Statloii 3-L308i 
for pO'lyniiclear aronatlc b'f'dx-o€arboii,s 



Faraneter Ni 



'Units 


If VO Ifeaa 


Cotif ideaee 


In terra 1 


ng/1. 


5 ; 


» 351i 






ng/L 


5 ] 


L 3 . 6Sf 






ag/'L 


5 ; 


! 1401* 


57.7 


34<» 


ng/t 


5 : 


1 119* 


94.5 


A7S 


ng/L 


!5 4 


1 1050* 


335 


3290 


ng/i. 


5 -* 


1 44. If 






Off/L 


5 . 


1 ioi@i 






ng/1. 


S ! 


i 384# 






ng/X 


S 1 


I 41 1* 


98.9 


1710 


ng/L 


5 ! 


1 3S0'f 






ng/L 


5 4 


I 1170* 


195 


7010 


ng/l 


5 4 


I 563* 


119 


2660 


iif/1. 


i ; 


1 631* 


120 


3310 


ng/l 


s ; 


I 173* 


71.0 


3M. 


ng/I. 


5 3 


E 21, §# 






ng/L 


5 2 


426* 


•: 10'9 


1S60 



Ilap'tli«l«:ne 

Acmam.pthjl9am 

Ace n « p t-h ene 

rlMoiraH:* 

Fhenanthraite 

A«th,r«C€n,« 

Fluo ran then* 

Ff rane 

lento (A) Bnthriiceiie 

Chrysene 

B#:n.io CD fluorantheine 

Benzo' (B-K) PiuO'ranthene 

lenia (A) Pyrene 

Inieno (1-2-3 C-D) Pyrette 

Oibenxo Ca-H) Anthracene 

:Sen«o (G-H-I) Perylene 



.IfoiteiBf * regresftlo<n estlaate MKed,. i traditional Method uaed, Cu-'0. 5DL. 
N nuaber of sanpleii, ND nuaber O'f saBpleB with detected aneunts 



no data 



TASLlA3.a EatlBated Mean Iwent Coneeiitrationa for Station 4-1.102 
for p-olynuelear aroaatlc hydroearboas 



Paraineter Naiie 



Napthalene 

Jlcenap t hy 1 ene 

Acenapthene 

Fl'uoreae 

Plienanelireifje 

Anthracene 

Flttoraatheae 

Pyren,« 

Benzo (h) Aatkraceae 

Chrysene 

Benao (B) Fluoranthene 

Benzo (B-K} Flu,oranthene 

B e n z: o ( A 1 :P y re ne 

Inden© (1-2-3 C-Dj Pyreiie 

Dibenzo (A-HJ Antliraceae 

Benzo (S-H-I) Peryl,ene . 



Onitm 


M' m' Mean 


Co&flden 


ce internal 


ng/L 




1815 # 






ng/L 




7 . 82 


6.42 


9.53 


ng/L 




34.0 


14.7 


78.4 


ng/L 




94 . 4 


30.7 


290 


ng/L 




231 


149 


i«. 


ng/L 




11.7 


7.56 


11.1 


ng/L 




361 


64,9 


2090 


ng/L 




232 


74. f 


7ii 


ng/L 


4 3 


5S.7 


9.48 


339 


ng/L 


4 3 


111* 


64.2 


192 


ng/L 


4 3 


82,8* 


§6 . 4 


103 


ng/L 


4 3 


68 , 3 


9.51 


491 


ng/L 


4 J 


§9.4 


11 . 5 


695 


ng/L 


4 3 


51. 5 # 






ng/L 


4 2 


4.e8# 






ng/L 


4 3 


42.1* 


29 . 2 


60'. 7 



Motea:: * regression esti:Date 'UBed, # traditional aiethO'd used, CuxO.SBL, 

M ausfaer of 'saaples. HP nuBber of aaiiplea with detected aiiounts 



►* no data 



TABLE A3.9 l«ti««ted »««« E'^ent ConcentratlonB for Station 7-eeoll CBO 
for polfnuclear aroaatlc hfidrocarboraa 



Paraaet'er Naaa 



'IJnlts 



MB 



C©n,f idenc* Iii'terTal 



lfa.pthal«nie 


ng/I, 






lis 


sa.Q 


216 


Aeaaapttiflan* 


pf/L 






18.3 


1®.6 


20.2 


Jk'cefiap'th«n« 


nsr/'t 






47 „S 


41,3 


S4.0 


rlaoren* 


ng/L 






97.2 


80.4 


117 


P'lienanthreae 


nf/L 






931 


mi 


1300 


Xnt.lir«cen« 


ng/lL 






45.0 


25. S 


7f.S 




ng/L 






1220 


934 


1590 


Fyrene 


ng/L 






923 


738 


1150 


Benso in} lAthraeene 


mg/1. 






2SS 


3,97 


330 


ClirT«€ine 


,n,g/L 






494 


407 


599 


Benzo '(B| Fluo'rantlie.n.e 


ng/L 






54a 


442 


680 


Benzo {B-'I) rlusrantfcene 


ng/L 






344 


244 


485 


Bern® fa) Pfrene 


ng/I,. 






276 


234 


326 


Ittdeno C 1-2-3 C-t| Pyrene 


ng/L 






33B 


243 


4 6t 


Dibeit.£0' (A»H) Antbracene 


ng/L 




1© 


103 


37.0 


905 


Wmnm@ (G-H-1) Peryleae 


ng/I. 




11 


343 


372 


432 

















NotjBs: '* regrasslon mmZimmZm used, # traditional method used, CuaO'.SDL, 
M nttsber of aaaplies, MD auaber of sanples with detected aaO'Uiita: 



no 4a ta 



TA1LEM.10 E«tl«Bte-d Wean lv«»nt Coneeiitratloos for Station S-111 
fO'r polfnucilear arosa'tic bfidrocarbons 



ParaBeter Naae 



Wnlta 



NP 



Con.fid«:nce Interval 



Mapthalene 

Aeenap'thjlene 

A'Cenaptheae 

Flworene 

P'henanthrene 

jyitbracene 

f lueranthene 

Pyrene 

Benzo (,A| Ji.ntfcrace«<i 

dirysene 

Benze (B} F'lM'Oranthena 

Beii.EO CB-'K} Fltaoranthene 

lenso (a.) Pjren* 

Indeno C 1-2-3 C-Oji Pyf '«'«»« 

B'iben,so lA-H) Jinthracene 



ng/L 


2 


2 


293# 


ng/L 


2 


2 


15. 5# 


ng/L 


2 


2 


33. S# 


ng/L 


2 


2 


56. 7# 


ng/L 


2 


2 


383i 


nf/L 


2 


2 


20'. If 


ns/L 


2 


2 


67 7 i 


ng/l. 


1 


2 


6oei 


ng/t 


2 


2 


2ti6# 


ng/L 


2 , 


2 


4l7i 


nf/L 


2 


2 


607# 


nf/L 


2 


2 


281# 


n«/L 


2 


2 


282f 


ng/L 


2 


2 


23 3 # 


ng/L 


2 


1 


57. Of 


nf/L 


2 


2 


263i 



Motesi • regreaslon, eatiiiate iiaed, # Eraditional ■ethod u.Bed, Cu«0',5:PL, 
n nuaitoer of samples. MO nuaiber of sanple* with deteeted amounts 



rto data 



^W^^^^-- ■ ■■■^■4' 



TABLE A3..,11 E«t.i«atedl Mean Event Concent rations for Station 5-Brown*s Line 
for pel'jouclear aroaatlc hjATOcmrhonm 



Faraatitnf Wt 



Onlta 



Ml 



Meas 



CoAf idectea Interval 



W'a.pth«l#:n.« 


raf/L 




4 


3BS 


f.,ii 


3 5700 


Acenapthf lana 


nf/L 




2 


.22 ..3i 






Acenapthenie 


ng/L 






37 . 4 


ii.ii« 


360 


Fluoreaa 


ng/L 






Si.S 


9.64 


SIS 


pliemanthrBne 


ng/L 






573 


58-S 


5620 


,jyith.race:n,« 


Hf/L 






24.0 


S.46 


68. 1 




ng/L 






645 


170 


2450 


p-frene 


*»g/:t 






5.33 


176 


1610 


Benxo (A> Jln.thr«'Ceiie 


ng/L 






111 


47.2 


210 


C,hry«e'n« 


ng/X 






271 


69-7 


lOSO 


Benso (1) Fluorantheme 


Of /I, 






273 


92. 


810 


■enao Cl-KI Fluoranthene 


ng/L 






165 


43.3 


628 


Benio (H) Fyrene 


ng/L 






178 


61.3 


il7 


Indeno' (l«2-'3 C-DJi Pyrene 


ng/L 






.196 


59.0 


651 


Dlbenio (A-ttJ .Anthracene 


ag/L 




2 


3.37i 






le,B«oi (G-H-1) Perylmne 


Bf/i 




4 


1S3 


54.4 


430 



.||«<te.a.: * reg-r<esslon. es'tlaate used, f t.radit.io«ai .netho-d uaed. Cu»Oi.. 5B1.. 

M' inu:Bbe.r of ■.aBple.a., MB nuaber of •.aa'ples with detected aaoiun'Cc 



•• jao d.ata. 



TAB:yiA3.12 E«t.l.B.atei Mean Event Coince.ntratlon;s for Station S-Klngaton load 
for polynuclear aroaatle hydrocarbon.* 



Iter Haae 



Units 



WB 



C'on.f idence In,t«rv.al 



Map thai eaa 

Aceii«pth.yl«n.e 

Acenaptliene 

Fluorene 

ph.enanitt».ren..e 

Anthraceoe 

F.luO'ra.n.thene 

Pyren« 

•.Benio (A) Anthracene 

chrfBene 

le;n,.i o C 8' ) P .1 u o r am t h e n e 

Ben to CB'-K| Fluoiranthene 

B.e.lni.iO' CA) IPyrene 

In..den.o (l-.2~3 C-Dl Pyre«e 

D'lbenio (A-.H) .Aii.tihr«eei»« 

BeoiO' ifC^H^l) Perylene 



ng/:L 


3 


3 


19& 


Ifl 


206 


ng/L 


3 


3 


47.1 


3S,f 


61. .7 


ng/L 


3 


3 


4B..S 


4-§.f 


50,1 


ns/L 


3 


3 


91,2 


12 . f ■ 


101 


ng/l 


3 


3 


523 


««• 


611 


ng/I, 


3 


2 ■ 


37. 6f, - 






ng/L 


3 


3 


690 


606 


786 


ng/L 


3 


3 


61S 


535 


716 


ng/L 


3 


3 


436 


12& 


1580 


ng/L 


3, 


3 


332 


329 


335 


ng/L 


3 


3 


2S1 


192 


355 


ng/L 


3 


3 


216 


15S 


301 


ng/L 


3 


3 


19S 


1S5 


206 


ng/L 


3 


3 


162 


40.3 


6S2 


ns/L 


3 


1 ■ 


9..33i 






ng/L 


3 


3 


261 


51.6 


1320 



.NoteB: * r«'gre««lon estlaate used,,, # traditional .method used, Cu-Oi.SBL, ** no^ d.a.ta 

M niiaber o£ .sanples, ND nuBiber of saDples with detected ano'Unts 



TAiLE«i,ia E»ti««ted Mean Event Concentrations for Station 9-Se«c,h'f rave 
£®r polynuelear aro'Batlc hydrocarbon* 



Paraaetsr Naae 



Units 



MD 



ComtiAmnem Interval 



Napthslene 


ng/L 


7 


7 


29.0 


4 . 87 


173 


Aeeeapthfleiie 


iig/L 


7 


4 


1.43* 


O'.SIO 


4.0'2 


Kaenmpthmnm 


ng/I. 


7 


6 


4 . 79 


2.14 


10,7 


f luor«n« 


ng/L 


7 


§ 


8.00 


3.28 


If .S 


Phenanthrene 


.ftf/I. 


7 


7 


14.7 


7. if 


28.5 




ng/I. 


7 


S 


13. S 


1.89 


93.8 


F lu@ rmn therae 


nf/L 


7 


7 


30,1 


19.4 


4«.S 


Pyren* 


Wf/l. 


7 


7 


40.3 


17.4 


S9.4 


B'enzo' CAJ Anthr&cenie 


Kf/l* 


7 


6 


10.1 


5.7f 


17. i 


Ch,ryB«n« 


rag/ 1. 


7 


7 


19.0 


11.1 


32 . S 


B'CnzO' (B) Fluoranthene 


og/l 


7 


3 


8.86i 






leiriio CB-K) rluoranthene 


nf/L 


7 


2 


6.43f 






lent© |A) pyreae 


ng/L 


7 


1 


S.Oii 






Indea© C 1-2-3 C-D) pyrene 


ng/L 


7 


1 


6..lf# 






Bibenxo C*-H) Jknithraceiie 


ng/L 


7 


1 


l.71# 






B*B«@ (C-H-1) P«ryl.«n« 


nf/:L 


7 


I 


6-lf# 







Notes: * r<egresslon estlnate used, i traditional nethod used, Cu«0.5.DI,, *• no data 
■ o.uBii«r &t saaples, MD ouaber of ■«apl«s with detected saounts 



TAlLlAa.r4 E«tl»ated Mean Evemt ConeBRtrmtioam for Station 10-Klng«ton lead 2 
for polynuelear aroBatlc bydroearbons 



Parameter !ia»e 



Uttlts 



II MD 



Conf idence Interfal 



Napthalene 

Hcenaptbylene 

Acenaptbene 

Pluorene 

Fbe n an t h r en e 

Xin.thraeene 

rioo'ranthene 

Pyre me 

Benso lA.)' .Jknthracene 

Cbrysene 

Beii,so' C8) Flttoranttoene 

BenzO' (l-K)' Pluorantbene 

Benz© (A) Pyrene 

Indeno (1-2-3 C-©)' Pyren* 

Dlbenzs (A-H) .Anthraeeiie 

Benso (G-H-i> Pe'rylene 



ng/L 


6 


6 


287 


14.9 


5530' 


ng/L 


i 


3 


24.8 


3,78 


163 


nf/L 


6 


& 


58.7 


12.6 


tl* 


nf/L 


6 


6 


115 


23.7 


Sif 


ng/L 


6 


6 


650 


234 


1810 


ng/1. 


6 


S 


147 


5.34 


404.0 


n,g/L 


6 


6 


Hi© 


516 


2160 


nf/L 


6 


6 


960 


431 


2140 


ng/L 


6 


6 


418 


167 


lOSO 


ng/I. 


6 


5 


.604. • 


251 


1460 


ng/L 


6, 


5 


1010* 


323 


3160 


ns/L 


6 


5 


1240 


30.6 


502 O'O 


ng/L 


6 


§. 


466 


122 


1780 


ng/t 


6 


S 


527* 


157 


1760 


ng/L 


6 


4 


268* 


43.4 


1650 


eg/ 1. 


6 


5 


635« 


191 


2110' 



M.oteiBj • re.fre««loii eatliiate: used, # tradltio.nal method 'MS'ed, Cu='0.5Dl.. ** no .data 
M wuBber of samples, ND number of saiS'p.l.e:s with detected amountB 



r^: 



■ ^^. 



TABLi:,A3.1S E«tl»a,ted Hean Event C'oneefitrat,i©«.s fo^r Station 11 -:BroO'kl«*m, 

for pO'ljnueleBT ■■rosatle hydro-carbons 



Paraaeter Wmm 



Vnitm 



Confid^nee Inteirral 



Napthalvna 

llc«u*:p«hf lon« 

Hc'caap'thene 

Piaorene. 

Phenan'threnie 

Anthracene 

Fluoi-anthen* 

Pj-reiie 

Chrfsene 

lento '(ll Flttoranthene 

B'eOiiO' (B-K) FluO'i>ant.lic:ne 

B«iixo (A I Pyjfene 

Indeno Cl-a-3 C-Dj Pyrene 

nlbeniO' (A-H) ltnth:racen« 

Benxo' fO-H-I) Pexyleme 



ng/l 


10 


10 


115 


nf/L 


10 


10 


17.7 


ng/L 


10 


10 


S21 


ng/L 


10 


10 


;fgi 


ng/L 


10 


10 


ftio 


ng/L 


10 


9 


54 . 2 


ng/l. 


10 


10 


1.200 


lif/L 


10 


10 


885 


iig/:i. 


10 


10 


281 


ng/L 


10 


10 


486 


ng/L 


10 


10 


583 


iif/L 


10 


10 


768 


mg/L 


10 


10 


334 


ng/L 


10 


10 


312 


ng/L 


10 


8 


105 


ag/L 


10 


10 


373 



54 . 1 


632 


10.1 


31.2 


56.7 


870 


i3 . 0' 


293 


574 


1140 


31.3 


93,9 


888 


ISZO 


641 


1220 


179 


44 2 


334 


707 


358 


949 


300 


19 60 


219 


sot 


208 


469 


16.2 


681 


220 


612 



Potaas « re.g're««ion cBtiBata uaad. i traditional Bsetkod »«ed, Cu-0.5BL, 
W number of sanples, MB nuabtir of Battples with detected aaountw 



•* n-B data 



TABLE, A3.1S 



E«tl«ateid Hmmn Event Coneeat,ratiq',na for all statlaB* (S tO' 11) 
lu«p«d together for polynticlear ar©«iatlc liTdr©<5arbon,« 



Pfflraneter Mi 



Unita 



N'D 



Mean 



Confiiience interval 



IfapthaleBA 


ng/I. 


52 


52 


254 


116 


558 


Aeeniap'tliyl ■»• 


»f/l. 


S2 


39 


17.6 


11, .a 


26.4 


]l€e:naptlieiiie 


»«/!. 


52 


49 


86.3 


43.7 


171 


Wlnormam. 


n,g/L 


S2 


49 


13 § 


72 „0 


257 


Fhenaii threne 


ng/L 


5,2 


51 


1130 


493. 


2590 


Ijathraeene 


ng/L 


S2 


4i 


47.1 


26,1 


82.9 


Fluoranthene 


ng/L 


52 


52 


1530 


710 


3300 




ng/L 


52: 


52 


1030 


S47 


1940 


Benio (A) Usthracene 


ng/L 


52 


49 


341 


171 


S80 


Chry«ene 


;ng/I. 


S2 


50 


677 


301 


1520 


Mmnxo CB| Flu© rail, thgne 


ng/I. 


i2 


45 


1100 


3S0 


3380 


B.©n,io. fS-K) Fluoxaftthene 


ng/L 


52 


44 


723 


240 


21S0 


l-e:n,ie' (A) Pyrene 


ng/L 


52 


43 


499 


* 19a 


12&0 


ladeao (1-2-3 C-©) pyren*. 


ng/L 


52 


41 


240* 


17.S 


32S.' 


©lbea«0' (A-1) Ant.li,racene 


ng/L 


S2 


SI 


113* 


60.3 


MM 


IcntOi CO-H-I) Perylene 


ng/i. 


52 


42 


285* 


203 


4m 



,Not««j * regreaaiom, estiBate used,, i traditional netlipd used, Cu-0.5Di, ** no data 
M nuBber of samples,. N'D nuaber oif samples with detected aBouats 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



APPENDIX 4 



PARAMETER 



QENf RAL CHIMISTB¥ 




Total. Phosphorus 





TABLE A4.1 


PnEOICTIVE SUIiliE:R/FAlLL LOAJDilMQ ESTIMATES FQiR ETO'BICOKf 




















CATCHMENT AREA 












if 


it 


iE3 


IE4 


E! 


E8 


t? 


El 


ES 


iio 


ill 


El 2 


urn 


L1IM 


L1M„L1:Q5 


L201l,!L202 
L2'0aA 


La03i,;L2M 
L2Q5 


L301 


L302:,'L»3,L3Q4 
LMS,LaM.LM'7 


L30i,L30fl 


L401,L4M 

L4i:a 


L4i3C 


L404 


i40'S,,L40fl, 
L4e7,.L4'ia 


21.80 


13.20 


1S.,80 


mm 


668,00 


10.24 


SI .20 


241j00' 


S7.S0 


2B4.J00' 


87.30 


22,Bi 


6.01 


3.63 


s.4e 


33.70 


164.00 


a.ia 


14.10 


•66.601 


1S.90 


78.60' 


18,60 


6.31 


489.00 


2:96.00 


■44S.0O 


2,740.00 


16,023.00 


231,00 


1.150.00 


5,420'.00i 


i,aM.oo 


6„390.00' 


1'.S1'0.00 


B12'.,30 


3.S5 


2.15 


3.22 


mm 


lOfl'.OO 


1.67 


8.35 


38.30 


9.37 


4i,80' 


11,00' 


3.73 


S,S»0-» 


4.1SO.0O 


6,240.00' 


38,500.00 


111,554,00 


3,:243.00 


1'8.2C».M 


7i,100',M' 


IS, 100.00 


8i9',700.00' 


21.2,00.00 


7,183.00 


M.10 


B4.S0 


S1,» 


SOS. '00 


2.774.00 


42.60 


212.00 


999, 00' 


238.00 


1,180,00 


27i.0Q 


84.70 


t,4iO,M: 


STOOO 


1,360.00' 


a,d4o.'0o 


45,613,00 


702.20 


3,600.00 


16,SO0',0O' 


3,930.00 


18',400.0Q 


4,6a)jC»' 


1,560.00 


70.40 


42,60 


64.00' 


3M.,'0Oi 


2,161.00 


33.20 


161.00 


7OT',00' 


186,00 


§18.00 


2t8.00' 


74.00 


14.80' 


S.82 


13.30 


81.80 


«7.00 


6.88 


34.30 


1S2.00 


38.'60i 


191,00 


45.10 


15.30 



IBA'CT6RII0L0"QV 

E-Coli 

Fecal Colif'Ofm MF 

HEA,Vr iMlETALS 



BaFium' 



Chr0iT*!um 

'Copper 



Zinc 



NoIm; -i 



TCta 
TCIs 



i 

m 
if 
.§■ 



9 

ki 
'mgi 
kg 

I 
'i 



1.0B0,CX»',0O' 
1.650,000.00* 



656.'000.00* 
i3S,000.00" 



eas.'ooo.oo- 

1,410i.'000.00* 



e,OSO,C»a'0O* 33,27'0,000,'0O* 
8,700.'000.'00' 47,87'0,000,00'* 



611,000,00' 
733i0O0.00" 



2,650,^,00* 11,.!999,9©9,00' 
3,650,000;00" 17.200.000.W 



2.«70,0O0.'00'* 1 4.200,000', 00- 
4,110,000.25* 2'0.300.00Q'.,00' 



3,350,'000.00" 
4,ai0'.OOO.i00* 



1,130,000,00" 

1,630,000,00" 



86.80 


SIM' 


78.00 


4fl1,C« 


a„e3i.00' 


40.74 


202.'0O 


851. '00 


227.00 


1.120.00 


266.00 


«.25 


48.00 


28.10 


43.70 


268.00 


1,476.100' 


22.66 


113.100' 


S33.'00 


127.00 


'62S,O0 


149.00 


50.50! 


ai.scw 


17.30i 


26.'00# 


1K).00# 


878,iOO» 


13.fi0i 


.67.30# 


aif.OOi 


7s.eo# 


374.00# 


B8.S0# 


30.0M 


1,340.00 


813.00 


l,.flO.'O0 


i.swm 


41,237.00' 


634,100' 


3,1«i.'00' 


14.1900.00' 


3,550.00 


1?.'600.'00 


4,160.00 


1.411.00: 


is.io 


5190 


78.00 


481,00 


2,83e..0O 


40,70 


202, m 


iSl.CW' 


227.00 


1.12'O...0O' 


a«,oQ 


80:..30 


400,00 


242,00 


awjooi 


2,240,00 


12,204.00 


18i,M: 


942,00 


4.44.'0'.OO 


1,060.00 


!S,230.'00' 


1.240.00 


420'.00' 


3,430.00 


2,080.00 


3,120.100' 


18,200.00 


105,470.00 


1.62 1,00. 


8,080,00 


M,0O0'.0O 


9',070.00 


44,600.00' 


lO.'SOO.OO' 


3.5M,00 


laii.w 


7i.40 


119.00' 


738.00 


4,031.00 


62.00 


.309.00 


1,460.00 


347.00 


1,720.00 


40S.'00' 


138.00 


1,890:00' 


1.0,20',00 


1,630.00' 


9.460,00 


61,816.00 


7ii,00 


3,S70.00 


16,700.00 


4,460.'00 


22,000.00 


6.220.'00' 


1,771,00 


4.m 


2.84 


4.42 


27.30' 


148.30 ^ 


2,30. 


11.40 


B3.S0 


i2,'90 


'63:.S0 


15.00' 


5.08 


315.00' 


lflO,M 


2ti.00 


1.760.'0Q' 


'8,'S73.00 


141.00 


?40,00 


3,490.00 


832.00' 


4,110.00 


973.00 


330.00 


ii,4aoj0O' 


882.00 


1.:330',W 


a.1W.'00 


44,7e3.'O0 


isaa.oo 


3,430.00 


16,200.00 


3.B60.00' 


19.100.00 


4,510.00 


1,S3O.'0O 


28j60i 


i'7.aoi 


llOOi 


ISOi.OOl' 


87a,'00# 


la.soi 


67.30i 


317.'0Oi 


J'S.SOI' 


374.'00i 


sa.sot 


30.00f 


5. 16 


3.111 


4.88 


28.90 


578.'00' 


2.43 


12.10 


iS7.10 


13.60 


67.30' 


15.90 


S..4.0' 


^ ysod, lAmWii munis 























TABLE A4.2 PRiOICTlVl SUMIIEWFALL LOADINQ iSTIIiATES FOR ETOBICOKE 



PARAMETin 



UNITS 



El 



Alpha-BHC 

1 .SiS-Triehtoiobenzeno 
1,2.4.T«chlarob«nian« 
1.2,3-Tiric!htorol»nMns 




Hexachlofobutadwne 
Triohteroteliyon* 2-4-S 
Tei«chlorob«n»fie 1 -2-3-S 
Tnchloraioluene 24-A 



m 

ms 

m 

rr^ 

mg 
mg 
mo 
mg 

mg 

•mgi 



mg 



POLVMyCLiAR AROMATIC HYiDBOCWSONS 



NapMhalena 

A'SSn^phlhytefna 

AcenapMhana 



ss.so 

42.30 



134.00 
«0.10' 

i.m 

4.i7 
1i.34 
17.10 

1.04 

31 .2i 

22.78 

8.,1!4 

13.84 

iji 

23.ro 
tt.ss 

21.82 
l?.,?1 



7.30 
O.SO 

250 



E3 
L1f3 



m 

L1M,L1§S 



CATCHMENT AREA 



OROANQCHLOBIOiPeSTICIOIWOHtOROltllffiNiii 



f4 

Laii.uia 

L20tA 



Ei 
iJ:oae,uo4 

ILSOi 



13.60 
tS.fiO 

as.so 

SO.BO 



Flyorena , 


1 3.90 


Plhi#naiilh«n# | 


1 32 30 


Anlhfaeena ■! 


1 130 


FluoranlhAnie 1 


1 43.S0 


Ppene 1 


1 29.50 


ienzo (A) Arthrae«ne j 


1 9.60 


Chrysflne ; 


1 ie,4o 


Beam (S> Flyoranilhen* 1 


1 3*60 


lenao (i-K) Fluofamlhena | 


I 20.7a 


OmnzQ (A) Pyren© j 


1 14.30 


Indteo { 1 -1-3 C-Dj Pfmm | 


1 6.80 


Dibinzo jA-H| Anlhracene 1 


3 20 


imio |Q-iH-l)i Pery lane 1 


B2C 



S.Sli 
2..83 
11. ?0 

Ii.i4 

S,47 
1i8.g2 
13.77 

3.11 

a.37 

S.57 

14.34 
S6.17 
13.20 
10.71 



4.40 
0.30 

1.S0 

2.40 

1t.Si' 

0.10 

26.50 

17,S0 

6.M 

11.70 

18.00 

12.60' 

8.S0 

4,20 

2,00 

4.g0 



60.40 

38,60i 
53.60 

121.00 
64.ii0'- 
B.m 
4.25 

n.m 

1S.S4. 

6.22 

28.43 

ao.is 

4.67 

12.59 
8.38 
21.55 
84.41 
18.84 
16.10 



i.eoi 
em 

2.20 
3.S0 

29.40 
1.20 

as.ifli 

26.80 

8.i0 

17.fi0 

2S.€0 

18.80 
13.00 
6.20 
2.90 
7.40 



311jO0 
237.00' 
SM'.OO 
748.00 
337.00'' 
47.23 
24.21 
100.21 



48.83 
162,07 
117.04 

2«.ea 

71.74 

47.76 

122.83 

4i1.14 

1 13.07 

§1.74 



1,701.00 

1,i00.00 

1,SM.OO 

4,101.00 

1,840.00 

280.13 

143:60 

584.38^ 

S25.42 

277.73 

96t.2S 



157.96 
425.48 
2aa,20 
728,66 
2,8S3.71 
•670'.61 
544.15 



40.70 


223.30 


2.80 


1S.;S0 


13.80 


7S.80 


21.80 


Iti.iO 


181.10 


SM,30 


7.'iO 


41.40 


245.30 


1,344.90 


165.10 


805.40 


i4.?0 


fSi.70 


10B.60 


58S.10 


17'8.30 


iSS.SO 


11S.MI 


M6.S0 


M.iO' 


43i.ieo 


3i.S0 


211.80 


18.10 


99,30 


46.70 


amw 



ee 



17 



26.22 

20.02 

f7.7S 

'63'.08 

28.32 

4,30 

2.21 

9.13 

§.'07 

4.27 

14.76 

10v74 

2.43 

6.SS: 

4,35 

11.18' 

43.83 

10,30 



3.40 
0.20 
1.20 
1.80 

tS.30 

0:S0 

20.70 
13.10' 
4.i0 
8,10 

14,M 

em 

i.70 

azo 

1.B0 

i.M 



S..L30e,iL3fl'7 



17.10 

i.io 
s.ro 

0.20 
7'6.'00' 

3.20' 
103.00 
69.30 
22.90 
46.80 
?4.'00 
48.70 
33.60 
16.20 

7.60 
19.20 



E8 



ES 

L401.L4i2 

L4i:i 



lE'id 


ill 


111 


L4i3C 


'L404 


iL405,L40i. 
L407,L4O8 



lii.oo 


eis.oo 


1.47.00 


726.00 


172.00' 


Sfl'.iO' 


469.00 


112.00' 


553:00 


131.00 


139.00 


6S3.00 


186,00 


77O.'00' 


182.00 


314,00 


1,4S'0.00 


353.00 


1.760,00'- 


413.'00 


141.00' 


iea.oo' 


159.00* 


785iOO* 


18S.'0O* 


21.4S 


101.03 


24.'08 


i0:31 


28,17 


10.» 


51.79 


12.35 


41.17 


14.44 


45. St 


214.3S 


51.12 


170.40 


ii.78 


40.23 


189.40 


45.19 


1S0.63 


62.14 


21.26 


100.18 


23.89 


78,82 


27.03 


73.60 


34i.'ea 


82.87 


275.68 


96.'67 


mm 


252.28 


60.16 


a'.00'.s4 


70'.3S 


12,09 


8ii.ie. 


13.6i 


45. 2.8 


15.88 


32.58. 


153.44 


36.59 


121.88 


42.7i 


21.68. • 


102.13 


24.38 


81.19' 


28.4.1 


.66.78 


262.74 


62.86 


2'0a.87 


73.27 


218.48 


1,02g.1S 


.245,44 


818.13 


286.99 


51.34 


241. .85 


S7.sa 


ia2.26 


67.44 


41.6S 


1:96,24 


mm 


ISfi.OO 


'54.73 



80.S0 

5.'iO 
27.40 

43:10 

358.20 
14.M 

485:00 
326.50 
IMvIO 
214.60 
348.70 
2m20 
158.20 
78.10 
35.80 
80.30 



19,20 
1.30 
6.S0 

10.30 
.85.40 
S,M 
11S.70 
77.90 
2S..B0 
51.20 
13.20 
64.70 
37.70 
18.10 

e.so 

21.50 



95.00 

6:60 

a.2.30 
50.i© 
422.'M' 
17.60 
572,20 
3i.S.20 
127.S0 
2Sa.20 
411.40 
270.40 
186.80 

ii..iO 

42,30 

im.eo 



2:2.50 

I'M' 

7.80 
12.00 
99.00 

4.20 
135.30 
81,10 
30,10 
58,80 
'97.10 
63.,«0 
44.10 
21,20 
10.00 
25.20 



61.7S 

14013 

63,11 

9.56 

4.90 

20.28 
17.'8S 

9.48 
32.81 
23.87 

5.39 
14.62 

a.'67 

24..i7 
97.40 
22.89 
18.S7. 



7.60 

o.$o 

2.« 

4.10 

33i.S0' 

1.40 

4S.90 

30.90 

10.20 

20.30' 

33.00 

21.70 

16.00 

7.20 

3.40 

i.io 



ustd, § 







TABLE A4.3 


PREDICTIVE SUMMER/FALL LOADING ESTIMATES FOR SCARBOROUGH 










UM1T8 










CATCHMENT AREA 












PARAMETER 


81 


32 


S3 


S4 


S5 


S6 


S7 


S8 


S9 


sto 


811 






614 (L1) 


912 (L2) 


910 (L3) 


90B (L4) 


906 (L5) 


900(16) 


904 


918 


901 


903 


931,933,935 


SENERAL CHEMISTRY 


























Chamical Oxygen 0«mand 


T 


45.10 


§2.10 


38.80 


113.00 


54.00 


204 00 


126.00 


104.00 


122.00 


192.00 


96.01 


Hiardness 


T 


12.40 


86,40 


10.70 


31.10 


14.90 


56,30 


34.70 


28.80 


33.60 


S2.iO 


26.46 


Phtinolics (4AAP)i 


i 


1! ,01 0.00 


2,0TOjro 


872.00' 


2,530.00 


1,210'.00 


4,,590.W' 


2,820.00 


2,340.00 


2„74O,'00 


4,310:00 


2, 154.160 


Tolail suspended solids 


r 


7.34 


15.00' 


<6.32 


18.40 


8.79 


33,30 


20.50 


17.00 


19 80 


31.20 


15.65 


Ammonium 


i 


14,200.00 


29,OW.iOO 


12,200,00 


35,500,00 


17,000.00 


64,400.00 


39,600.00 


32,900.00 


38.400.00 


60,600.00 


30.240,100 


Nilrates 


kg 


186.00 


381.00 


161,00 


466.00 


223.00 


845,00 


520.00 


432.00 


504,00 


794.00 


396.90 


Nitrite 


i 


3,080.00 


6,290.00 


2,650.00 


7,700.00 


3,690.00 


13,900.00 


8,560.00 


7,120,00 


8,320.00 


13,100.00 


6,558.30 


Total Kjeldhal Nrtrogen 


hg 


146.00 


2M,00 


125,00 


364,00 


174.00 


660.00 


406.00 


337.00 


394.00 


620.00 


300.96 


Total Phosphorus 


m 


30.20 


61.70 


26.00 


75.50 


36.20 


137.00 


84.10 


69,eo 


et.60 


129.00 


64.45 



BACTERIOLOGY 

E-Coli 

Fseal Conform MF 



TCte 
TCts 



2,240,000.00' 
3,210,000.26- 



4,590,000.00' 
6,S69,9Se60* 



1,930,000.00* 
2,770,000.00* 



S,610,000,00' 
8,039,999.50" 



2,690,000.00* 1 0,200,000. W 6,250,000.00* 6,190.000.00* 
3,850,000.25* 14,600,000.«S* 8,960,000.00* 7,440,000,00* 



6,060,000.00* 
8,690,000.00* 



9,550,000.00* 
13,700,001.00* 



4.781,700.00* 
6,860,700.00* 



HEAVY METALS 

Silver 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Iron 

Mercury 

Mmganese 

Nickel 

Lead 

Selenium 



fl 


178.00 


363.00 


153.00 


444.00 


213.00 


805.00 


495.00 


411.00 


480.00 


756.00 


378.00 


m 


99.50 


203.00 


85.70 


249.00 


119.00 


451.00 


277.00 


230,00 


269.00 


423.00 


211.68 


« 


59 20# 


121.00* 


51.00» 


i4a.oo# 


70.9O# 


268.00# 


165.00# 


137.00# 


160.00# 


252.0O# 


126.25# 


» 


2,780.00 


5,690.00 


2,400.00 


6,960.00 


3,330.00 


12,600.00 


7,750.00 


6,440.00 


7,520.00 


11,800.00 


5.934.60 


a 


178.00 


363,00 


153.00 


444.00 


213.00 


805.00 


495.00 


411.00 


480.00 


756.00 


378.00 


i 


829.00 


1,690.00' 


714.00 


2,070.00 


993.00 


3,750,00 


2,310.00 


1,920.00 


2.240.00 


3.530.00 


1,767.15 


9 


7,100.00 


14.500.00 


6,120.00 


17,800.00 


8,510.00' 


32,2'0O,OO 


19,800.00 


16,400.00 


18.200.00 


30.200.00 


15,157.80 


^ 


272.00 


SSS.'OO' 


234.'00i 


679.00 


32S.I0O' 


1,2:30.00 


757.00 


629.00 


734.'00 


1,160.00 


580.23 


m 


3,490.00 


7,140.00 


3.010.'00 


8.730,00 


4.10O.'OO' 


15,800.00 


'9.740.00 


8,080.00 


8,440.001 


i4,,eoo.oo 


7,446.60 


kg 


10.10 


20.60 


8.67 


26.20 


12.10 


46,60 


26.10 


23.30 


27.20 


42.,80 


21.55 


f 


6S1.00 


1,330.00 


561.00 


1,630.00 


780.00 


2,850.00 


1,810.00 


1,510.00 


1,760.00 


2,770.00 


1.389.15 


9 


3,020.00 


6,170.00 


2,600.00 


7,550.00 


3,620.00 


13.700.00 


8.420.00 


6,990,00 


8,160.00 


12,900.00 


6,444.90 


9 


Sg.20« 


121.00# 


51.00# 


148.0CHJ 


70.9O# 


26e.00# 


16S.00» 


137.00# 


160.00# 


252.00# 


126.25# 


kg 


10.70 


21.80 


9.18 


26.60 


12.80 


48 30 


29.70 


24.70 


28.80 


45.40 


22.66 



Notes: * regression esllmate used, # tfadttionet method used, Td^lO^lt counts 



TAeLEA44 



PREDICTIVE SUMMERIFALL LOAOINO ESTiMATES FOiR SCARBOiRO>UiGiH 



CATCHIIENTARiA 



PARAMIieU 


UNITS 


SI 


S2 


S3 


S4 


SS 


S« 


87 


8S 


§9 


S10 


• Sll 






il4|Ll) 


9i2<iL2} 


910 (L3) 


MS (L4) 


aoe (LS) 


■900 (LiS) 


904 


818 


SO'1 


S03! 


831,033.935 


ORQMOCHLOnOE PESTICIOeS/CHLOROB ENIENIS 






















AJpha^iHC 


«« 


116.00 


23S.00 


88.80 


287,00 


138.00 


BZi.W 


320.00' 


266.00 


310.00 


4ffi9.00 


24S.70 


aammaBHC 


Rig 


87.60 


imm 


fS.50 


219.00 


1OS.0O 


397.00' 


244.00' 


203.W 


237.00 


373.00 


180.92 


1i ,3,5-Trichl«robenaen© 


mo 


\noQ 


248.00 


105.00' 


msm 


146,00 


552.00' 


•340.00' 


282.00 


330.00 


519.00 


fSO-B? 


1 ,t,4-Triohtereberaane 


nsSf 


276 00 


ses.oo 


ass.Mi 


ifll.OO 


•331.00 


1,250'.OO' 


771.00 


640,00 


747.00 


1.180.00 


589^.'68' 


1 ,2,3-THchtorotanzBno 


mfl 


124.00' 


254,.W 


107.00* 


aii.io* 


14i.0O' 


SS3^.'W 


34S.-iO'' 


2m.m' 


336.00' 


529.00' 


284.60' 


HMachiofobemeno 


Wfl 


18.87 


38. SS 


18.2S 


47.23 


22.60 


86.47 


mm 


43.68 


60.69 


80.31 


40.16 


IPP iDDf 


mg 


8.87 


1i.77 


t..3S 


24.21 


list 


43.82 


26M 


22.38 


26.14 


41.17 


•20.^SS 


Alpha ChtordaM 


tng 


40.03 


8182 


34..4i 


100.11 


47,94 


iS1.3S 


111.57 


92.64 


108.19 


170.40 


8S.20 


Oamma Chlordana 


mg 


36 36 


72.33 


30.4a 


88.88 


42.38 


1'6CI.32 


88.63 


81.88 


1S.64 


1 •50,63 


75.32 


OP DDT 


m^ 


16 70 


3S.23 


IS, 11 


48.83 


22.40 


84.74 


sa.i3 


43.28 


60.56 


7S.62 


msi 


PP DDT 


mg 


64,74 


132.32 


S5,77 


182,07 


77.S3 


293.30 


180.44 


14^9.82 


174.97 


2:75.68 


137.7§ 


OMd'fin 


mg 


47.11 


mm 


40. M 


117,S4 


M,41 


213.43 


131.30' 


108.02 


127.33 


2'00.54 


1'D0.27 


HmmMmmmmm' 


«>8 


10.64 


21.74 


9.16 


28.63 


12.74 


48.19 


2.i.8S 


24.62 


28.75 


4S.2S 


22.64 


TricWorobanMine i -S-S 


msr 


26 66 


5S.67 


24,89 


71.74 


34.32 


128.82 


7i-87 


66.31 


77.45 


i2i.fla 


«0„f8' 


iHoxaehlorobirtadisne 


mg 


19.07 


38. sa 


16.43 


47,7S 


22.84 


•86.41 


S3. 16 


44.14 


51.65 


81.19 


40.59 


Tiriehiorololueine 2-4-5 


mg 


49 07 
192 19 


?O0;29 
3S2.83 


42.27 

1i6S,i7 


122.83 
481.14 


•88.70 
2m 18 


222.29 
870.72 


136.76 

63S..68^ 


113.ii 


132.61 
618.46 


20t.S7 


1'04.,.43 


T#lraclilorob#ni#fi# 1 «i"3»S 


mg 


444.78 


818,13 


40i.06 


Trtohlofotolyefta 2-6-A, 


mg 


45.17 


92.31 


msi 


113.07 


64.00 


t04^.i2 


12':5.e8. 


104,52 


122.07 


192.2S 


86.13 


P'ontacWorotenziine 


m 


36.65 


74.91 


31.57 


91.74 


43.89 


1'6S..03 


102. IS 


64.81 


88.05 


156.00 


78.'00 



POLYNO'CLiAB AROMATIC HI¥DRQ'CARBONS 



IN.apWhal«n# 


■!• 


15.00 


30.70 


13.00' 


37.60 


18.00 


6S.10 


41.00 


34.10 


4'0^.'60 


64,00 


32.10 


A^ccnapMhylsno 


# 


1.00 


2,10 


0.iO 


2.60 


1.20 


4.70 


2.90' 


2.40 


2v80 


4.40 


2.30 


AC'»naphlh»n» 


i' 


5.10 


10.40 


4.40' 


12.80 


6.10 


23.10 


14.20 


11.B0 


13.B0 


21.70 


11.00 


Floowfia 


:i" 


8.10 


16.50 


6.S0 


20.20 


9.60 


36.50 


22.40 


18.60 


21.80 


34.30 


17.20 


Phananlhrerwi 


i'^ 


66 90 


136.70 


57.60 


167.50 


80.10 


•303.10 


186.50 


164.80 


180.80 


284.S0 


142.70 


Anthraeoine 


1 


260 


5.70 


2.40 


7.M 


3.30 


12,iO' 


7,80 


'6.50 


7.S0 


11.80 


•6:80 


Fluofanlheino 


•1- 


9'D&0 


165.10 


78.00 


226.70 


108.50 


410.30 


252,60 


208,60 


244.i0 


385.60 


•193.20 


PfmniB 


•1 


61 OO 


124.60 


52.50 


152.60 


73.00 


276.20 


170.00 


141.10 


164.80' 


2Si.'60' 


1301.00' 


ioDZO (A) Antlirac«mi 


t 


20 20 


41,30 


17.40 


60.50 


. 24.20 


91.50 


66.30 


46.70 


54.i0' 


8-5. '80' 


43.10 


Chfysemo 


t 


40 10 


61.80 


3#.S0 


100.30 


48.00 


181.60 


111.70 


92.70 


108.30 


17'0.'eOi 


i5.40 


Sonzo (B) Fluorarthan* 


f 


C5i0 


133.10 


66.10 


1^.00 


7a.» 


2i6;0O 


mm 


110.70 


176.00 


277.20 


138..80 


Benzo (B-K) Fiuoranlhene 





42.60 


87.50 


36.90 


1'07.10 


51.30' 


1ia;B0 


1H.30 


ii'.io 


116.70 


182.20 


91.30 


Benzo (A) Pyrens 





29,50 


GQ.40 


2S-40 


74j00 


35.40 


133.B0 


§2.30 


ei..4o 


79.80 


126.70 


sa.io 


indeno (1-2-3 C-D)Pyron 


m 


14 20 


2&..m 


12.20 


m.m 


17.'00' 


64.40 


38.60 


mm 


38.40 


6O.^50' 


30.20 


D(b«ri?o CV-H) Anthracene 


9 


6 70 


lafo 


SJO 


1i,70 


8.00 


3fl.:30i 


I'BjBO 


15.50 


18,10 


28,50 


14.20 


Benzo (Q H 1) Perylerio 


9 


16 SO 


mm 


14. SO 


42.20 


fO'.ao 


7'6.40' 


4?.'W' 


39.00 


4S.60 


71.iO 


3S,M 



' I agression »slimat« usad, • traditional 'melhod utad 



meLEMj 




PREDICTlVi SUIIMEWFALL LDADINQ ESTIIIATiS FOR SCARBOROUGH 






yNITS 






CATCHIHENTAREA 






PARAUiTen 


812 


S13 


S1I4 


SIS 


SI'i 


S17 


eie 






i2S 


ei3 


ill 


sosi.iis 


827 




ffS 


QENEinjy. CHeMttTiRY 


















ehamlcal Oiiyssn Deinand 


T 


137.00 


80.70' 


S7.30 


54.80 


7ft. 10 


7S,10 


, 23fi.67 


HardnMit 


T 


sa,oo 


22.30' 


ISJOi 


15.10 


11.00 


20.70 


iS.12 


Piheno'ties i(4MP) 


S 


a.owjoo 


II.BI'OjW 


1.2M.'M' 


1,230.M 


l.flO'.OO 


1.687.00' 


S,3140S 


Total «usp«ndo<l aoMm 


■f 


2:2.46 


13.10' 


i.34. 


B,m 


12,40 


12,20 


3fl.43 


Arenwnium 


» 


43,472.W 


2.5,400.001 


18.1 00.00 


17.200.100 


24,000.00 


23,7'M.iOO 


74.i6S5.00 


Nhratos 


m 


570.00' 


334.CWI 


237.00 


226.00' 


315.00 


ail.'OO 


S78.6S 


NHritc 


g 


l,412.iQ' 


S,,610.'00' 


■ 3„S20,M 


3,730.00' 


S.l'OO'.OO 


i,132.'0O 


1'i.lSS.SO 


Total Kjiildhal Niroflen 


m 


445.00' 


2B1.'C» 


1i5.00 


177.'00' 


246.00 


242.'0O 


762.30 


Total Phosphorat 


m 


i2.M: 


i4.10 


31.40 


3S.ii«l 


51.00 


50.'M 


1S7.M 



eACTi;nioLoa¥ 

E-Coli 
FBcalColiformMF 



TCIa 6,850,000 00' 4,019,999 75" 

TOtft 9,820,000 DO' 6,7&9,999 SO' 



2,850,000 00" 2,720,000.00' 3,790,000 00' 
4,089.999 75" 3 899,999 7b' b 430 000 00' 



3,740,000.00" 11,781.00000' 
5,350,000 00" 16,852.689 00" 



HtA¥Y MirETALS 



Al'uimiity'm'. 

AirS'anio 

earium 






'Oapp«ir 

lion 

MBfouiy 

MariflanMfl 

Nictol 



Zinc 



i 



S42.M' 


tli-'OO 


226.00 


21S.'0CI 


30£l.m 


296 JOO 


.832,40 


303.00 


171.00 


127.00 


121.'00 


t6a..00' 


res.M 


5ia,7§ 


ISl'OOi 


106.00# 


7S.3'0i' 


7i..80# 


1'00.00i 


98.70i 


310.91 


S„'S07.00 


4.i80.00 


3.540.00 


3,370.'00i 


4,7'Mi.OO 


4,.e3i.Qci 


14,6:1 i,iS 


543.00 


318.00 


226.00 


216.'0O 


300.00 


296. '00 


i932.40 


2,837,00' 


1,480,» 


1.050.00 


1,01'0,'Mi 


1,4'M,00 


i.sai.'oo 


4,350.15 


21,736.00 


12,700.'0Q' 


ie'.040.'00 


8,62'OjOO 


la.'MMi.OO 


11.644,00' 


37,308.'M 


S3100 


4S7..00 


348,OT 


330.001 


4S9,C» 


453,00' 


- 1.42'6.'iS 


1IO',7'12.00' 


6,2SOjOO 


4,440.00 


4.240.'00i 


S.SOO'.OO 


5.823,00' 


18.342.4'5 


SO'.SO 


ia,« 


12.80 


1:2.20 


17.M 


16.,80' 


52.'92 


1,086.00 


1i,1'70.'00 


0Z8.'OO 


7WJ0OI 


1,1'00',M 


1, '085, 00' 


3,417.76 


8'.224.M 


Miojoo 


3.,e4'0.'00 


3,660.100' 


B.HOO'.M 


5,'033..00 


1S,8B3.'i5 


181.0) 


\m.om 


75.30# 


71.iB£» 


ITO.OOi' 


8'a.70# 


310.91 


32.60 


ta.ioi 


13.60 


t2M 


IB.. 00 


17.77 


S5.'9fl 



Notes: * regrei'sim 



utidi. '• :l:Mdf1:ion.ftl methMl. used, Tct:=10^12 ceiunts 



TABLE A4.6 


P 


REDICTIVE 


SUMMER/FAL 


.L LOADING ESTIMATES FOR SCARBOROUGH 












OATCHMENTAREA 








PARAIIETEB 


UNITS 


S12 


8(3 


S14 


SIS 


S16 


S17 


S16 






d25 


913 


911 


909,915 


927 




919 


ORQANOCHL0fllDEPE8TiCIDE8/CHI.OROBENZENES 














Aipha-BHC 


m 


351.00 


206.00 


146.00 


139.00 


194.00 


191.48 


603.16 


Qamma-BHC 


m 


268.W 


157.00 


111.00 


106.00 


148 00 


146.08 


460.16 


1 ,3,B.Trichlorobenz«n« 


m 


372.OT 


21S.00 


155.00 


148.00 


206.00 


203,32 


640.46 


l,2,4.Trichlorobeni«ne 


m 


84S.00 


495.00 


352.00 


335.00 


467.00 


461.00 


1,452.15 


1 .2.a-TriohlorolMnz#n© 


m 


379.00 


223.(K)* 


168.00* 


151.00- 


210.00- 


207.00" 


652.05 


Hexachlorobenxene 


Wl, 


57.S8 


33.71 


24.00 


22M 


31.87 


31.45 


99.11 


PP DDf 


m. 


2iiS7 


17.32 


12.30 


111.73 


16.34 


16,12 


50.81 


Alpha Chlordana 


m' 


122.38 


71.60 


mm 


4i.55 


67.62 


66.74 


210.30 


Gamma Chlordana 


wo 


lot, IS 


^.36 


4S.01 


42 92 


69.77 


59.00 


185.90 


OP DDT 


m 


57,19 


^.48 


23.79 


22.69 


31.60 


31.19 


98.26 


PPDDT 


m 


197.94 


115.82 


62.35 


78.52 


109.36 


107.94 


340.10 


Disldrin 


wi 


144.04 


a4.3S 


59.92 


57.14 


79,58 


78.54 


247.49 


H«xachtoro«thane 


m 


32.52 


19.05 


13.53 


12.90 


17.97 


17.74 


55.88 


Trichlorobenzene 1-3-5 


wo 


87.61 


51.31 


36.45 


34.75 


48.40 


47.78 


150.54 


Kexachlorobuladiene 


mg 


58.31 


34.16 


24.26 


23.13 


32.22 


31.80 


100.20 


Tiichlorololuono 2-4S 


mg 


150.02 


S7.86 


62.41 


59.51 


62.86 


81.61 


257.77 


TetraetilorotMnzen* 1 -2-3 -5 


mf 


ea7.62 


344.13 


244.46 


233.10 


324.66 


320.43 


I.OOfl.67 


Trichlorotoluoio 2-6-A 


mg 


138.09 


iO.87 


57,45 


54.71 


76.29 


75.30 


237.27 


PeMaeMoFObatfzena 


m 


112.05 


65.62 


46.62 


44,46 


61.91 


61.10 


192.53 



POLYNUCLEAR AROMATIC HYDROCARBONS 



Naphthalene 


8 


46.00 


26.90 


19.10 


18.20 


25.40 


25.10 


79.07 


Acenaphthyleiw 


9 


3.20 


1.90 


\.m 


1.30 


1.60 


1.70 


5.35 


Ac«naphth«ne 


9 


16.60 


9,10 


6.50 


6.20 


8,60 


8.50 


26.78 


Fluorenfl 


9 


24.60 


14,40 


10.20 


0.80 


13.60 


13.40 


42.21 


PtiBMnlhrene 





204.50 


119.80 


es.io 


81.10 


1 13.00 


111.50 


3S1.22 


Arthfaceno 


i 


8.50 


S.00 


3.S0 


3.4© 


4.70 


4.60 


14.49 


FlUDranthene 


i 


276.90 


162.20 


118.20 


109.80 


ISS.Mi 


151.00 


475.65 


Pyreno 


i 


186.40 


109.20 


77.60 


74.00 


103.00 


101.70 


320.36 


Benzo (A) Anthracene 


B 


61.70 


36.10 


25.70 


24.50 


34.10 


33.70 


106.16 


Chjysene 


8 


122.50 


71.80 


51.00 


48.60 


67.70 


66.80 


210.42 


Benzo (B) Fluoranthene 


fl 


1M.10 


116.60 


82,i0 


79.00 


110.00 


108.60 


342.(B 


Benzo (B-K) Fluoranthene 


9 


130.90 


76.60 


54.40 


51.M 


72.30 


71.40 


224.91 


Benzo (A) Pyrane 


9 


90.30 


B2.m 


37,M 


35.80 


49.90 


48.30 


155.30 


irdeno (1-2-3 C-D) Pyrene 


9 


43.40 


25.40 


18.10 


17.20 


24.00 


23.70 


74.66 


Dibenio (A-HJ Anthracena 


9 


20.50 


12.00 


1.10 


8.10 


11.30 


11.20 


3S.28 


Beiif {Q-Hl) Perytorii 


fl 


6i;60 


30.20 


211.50 


20.50 


28. SO 


28.10' 


88.52 



Netsa: * ragraasioii aslimale us«d, # tradrtional rrwlhod usad 









TABLE A4.7 


PREDICTIVE WINTE 


R/SPRING L 


OADING EST 


IMATES FOR E 


:tobicoke 
























CATCHMENT AREA 
















El 


E2 


E3 


E4 


E5 


EB 


E7 


E8 


EO 


E10 


Eli 


112 


PAHAMETER 


UNITS 


L1Q2 


1103 


L1Q4,L105 


L201,L202 
L203A 


|L203B,L204 
L205 


L301 


L302,L303,L304 
L305,L306.L307 


L3O8,L30« 


L4O1,L402 
L403 


U03C 


L4M 


U05,L406, 
L407,L408 


QEHERAL CHEMISTRY 




























Chemical Oxygen Demand 


T 


43.50 


26.30 


39.60 


244.00 


1,308.00 


20.70 


102.00 


482.00 


115.00 


569,00 


135.00 


45.70 


Hardness 


T 


12.00 


7.27 


10.90 


67 30 


361.00 


5.70 


28.30 


133,00 


31.80 


157.00 


37.20 


12.60 


iPihenolics (4AA,IP1 


P 


978.00 


S92.M 


889.00 


5,480,OT 


29,400.00 


464,00 


2,300.00 


10,800.00 


2,590.00 


12,800.00 


3,030.00 


1.027.00 


Total suspended solids 


T 


7.09 


4.28 


8.45 


39.80 


213.00 


3.42 


16.70 


78.60 


18.70 


SZ.70 


21.90 


7.40 


Ammonium 


kg 


13.70 


8.30 


12-50 


76.90 


412.00 


6.50 


32.30 


152.00 


36.30 


179.00 


42.50 


14.50 


Nilratas 


ks 


180.00 


IO9.0O 


164.00 


1,010.00 


5,415.00 


85.80 


424.00 


2.000.00 


476.00 


2,360.00 


558.00 


189.70 


Nitrite 


k8 


2.97 


1.80 


2.70 


16.70 


89.40 


1.40 


7.00 


33.00 


7.86 


38.90 


9.20 


3.10 


Total Kjeldhal Nitrogen 


kg 


141.00 


65.10 


12i.00 


789.00 


4,230.00 


66.80 


331.00 


1,560.00 


372.00 


1.840.00 


435.00 


148.00 


Total Phosphorus 


kf 


29.20 


17.60 


2@.B0 


164.00 


877.00 


13.80 


68.60 


323.00 


77.10 


381.00 


90.30 


30.70 



BACTERIOLOGY 

E-Coti 

Fecal Coliform MF 



TCIs 
TCts 



2, 170,000.00" 
3,110,(»0.00* 



1,310,000.00* 
1.880,000.00* 



1,970,000.00' 12,200,000.00* 65,100,000.00* 1,030,000.00* 5,100,000.00' 24,000,000.00 5,730,000.00* 28,300,000.00* 
2.820,000.00* 17,400,000.00* 93,300,000.00* 1,474.000.00* 7,310,000.00* 34,400,000.00 8,210,000.00* 40,600,000.00* 



;,710,000.00* 
1,610,000.00* 



2,280,000.00 
3,270,000.00 



HEAVY METALS 

Silver 

Aluminuifn 

ArsftnJc 

Barium 

Cadmiom 

Chromium 

Copper 

Iron 

Mercury 

Manganest 

Nickel 

Lead 

Selenium 

Zinc 



g 

kg 
9 
kg 
g 
9 
kg 
kg 
9 

kg 
fl 

kg 


kg 



172 00 

96.10 

57.2CM 

2.69 

172.00 

801.00 

6 86 

2'63,!00 
3.37 
9.72 
629.00 
2.82 
S7.20# 
10.30 



104.00 
58.10 
34.MW 

i.ra 

104.00 
484.00 

4.1S 
159.00 

2.04 

5.88 
381.00' 

1.78 
34.60* 

6.23 



1^.00 


8^.00 


5,160.00 


87.40 


539.00 


2,895.00 


52.00# 


321.00# 


1,726.00# 


2.44 


15.10 


80.90 


156.00 


962jOOi 


5,160.00 


728.00 


4,490.00 


24,000.00 


624 


38 50 


207.00 


239.00 


1.470.00 


7,890.00 


3,07 


18.90 


101.00 


8.84 


64.50 


293.00 


572.00 


3,530.00 


18,900.00 


2,65 


16.40 


67.80 


S2,00# 


321.00# 


1,725.0O# 


836 


57.70 


309.00 



81.00 


404.00 


1,900.00 


46.00 


226.00 


1,070.00 


27J0« 


13S.00» 


634.00 


1.30 


6.33 


29.80 


8110 


404.00 


1,900'. 00 


379.00 


1,880.00 


8.880.00 


3,30 


16.20 


76.10 


124.80 


618.00 


2.9tO.OO 


1.60 


7.94 


37.40 


4.60 


22.90 


108.00 


299.00 


1,480.00 


6,970,00 


1.40 


6.86 


32.30 


29.S0« 


135.00» 


634.00 


4.90 


24.20 


114.00 



454.00 


2,240.00 


531.00 


254.00 


1,260.00 


297,00 


151.00# 


747.0O# 


177.00* 


7.11 


35.10 


8.32 


454.00 


2,240.00 


S31.00 


2,120.00 


10,600,00 


2.480.00 


18.10 


89.70 


21.20 


694,00 


3,430,00 


. 812.00 


8,S2 


44,10 


10.40 


2570 


127,00 


30.10 


1,660,00 


8.220,00 


1,950.00 


7,71 


38,10 


9.03 


151,Q0# 


747,00# 


177.0O# 


27.20 


135.00 


31.90 



180.00 

101.00 

60.20* 

2.80 

100.00 

843.00 

7.20 

276.00 

3.50 

10.20 

663.00 

3.10 

60.20# 

10.80 



Notes: * fegrossjon ntlmate used, # traditional method used, Tct'10^12 counts 









TABLE A4 J 


PREDICTIVE WINTER/SPRINQ LOADINQ ESTIMATES FOR ETOBICOKE 
























CATCHMENT AREA 
















111 


m 


Ei 


E4 


ES 


E« 


17 


E8 


Et 


E10' 


ill 


El 2' 


PARAHETEFI. 


UNITS 


LlOt 


urn 


L1M,L:I0S 


L201,L202 

L203A 


L203e,U:(M 

urn 


L301 


L302,L303,L3M 
L30S,L3ii,L3O7 


L30i,L3i9 


L401,L402 
L403 


L4030 


L4M 


L405,L4C», 

tmi-.um 


ORQANOCHILOBIOePfSflCliDlWCHLOROiiilNlffiNiS 
























Alplia-iiHC 


mg 


111.00 


87.10 


lOil.OO 


itfjOO 


3,330.OT 


i2.70 


261.00 


1,2301.00' 


283.00 


1,450, Ml 


343.00' 


iie.0Qi 


'Qamma.-iiHC 


mj 


MM 


61.20 


77.00 


474.m 


2,660jMi 


40,20 


liflioo 


BM.iOi 


SM.'OO 


1.11000 


262.00 


89.00 


1 ,i,S-Tirie'htofab8flz«n# 


imf 


111,00 


71.30 


107.00 


660.'00 


3,S40jOO 


66.90 


277.00 


1,3101,00 


311,00 


1,540.00 


365.00 


124.TO 


1 ,2',4.Tiri:chlof>ob«:nii«ne 


mg 


267.00 


162,00 


243.00 


I.SOOjOO 


i,02S.« 


127.00 


628.00 


2,960.00' 


706jOO 


3,490 jOO' 


§27.00 


281.00' 


1 , 2 , S-Trtchlorobeniene 


img 


IZO'.W 


72 70' 


lOi'.oo' 


8?3.00* 


3.615.00* 


57.00- 


2B3i.OO'* 


1,330.00- 


318.00* 


1,670.Mi* 


372,00'* 


126.00* 


Hexaohtorabsnzana 


mg 


ia.23 


11.03 


1S.S7 


84.4i 


S8Q.2S 


8.60 


42.90 


2O2.0S 


48.19 


160.62 


&S.34 


1i.l2 


PP ODE 


mg 


8.34 


S.65 


a.so 


48.42 


2B7.21 


4,41 


21.i9 


103,S8 


24.70 


82.34 


28.68 


9.80 


Aipha Chtordarii© 


mg 


msi 


23.40 


as.ii 


200.43 


1.188.77 


18.2i6 


81.0i2 


428,71 


102.24 


340,81 


118,55 


40.57 


Qamma Ghlordana 


mg 


34.19 


20.68 


31. 0« 


177.17 


i,omi4 


16,14 


eo<.46 


3?i.i7 


90.38 


301.27 


106,68 


36.88 


OP DDT 


m 


ts.o? 


tO.93 


16.43 


S3.i6S 


565.46 


8,53 


42.53 


100,32 


47.77 


15i.2S 


55,16 


18,96' 


PP DDT 


mg 


ii.ss 


37.84 


se.i7 


324.14 


1.022.51 


20.53 


147.20 


6S3..33 


166.36 


Sil,« 


1i3.34 


i6.'61 


Dieldn?! 


mg 


45.S2 


27.53 


41.38 


235.87 


i,3ai.» 


2iM 


107.11 


S04,S3. 


120.32 


401,07 


140'.^ 


47. 7S 


Hexachloroelhana 


mg 


tOJt 


6.22 


S.34. 


Sa.2S 


315.89" 


4.85 


24.19 


113.02 


27,17 


m.m 


31.77 


10.78 


Trichlorobanzene 1-3 5 

HAVArhlnmtiijtaHinnA 


mg 
mg 

mi 


ifM: 
18.43 
47.41 


16 75 

11.15 * 
28.66 


25.17 
16.78 
43.10 


143.47 

«6.4t 

245.67 


8S0.gi. 

SS«.3» 

1,457.10 


13.07 

a.70 

22.38 


68,15 
43.37 
111.66 


306.89 

204.26 
S2S.4f 


73.19 
48.71 
125,32 


243.86 
162.38 
417.13 


86.68 
56.98 

146.54 


2a'04 

ii..a3 

48.73 


TnchloFololuene 2-4-5 


Tolrachtofoberzene 1-2-3-6 


mi 


laSJO 


1 12.33 


168.82 


9e2.27 


6,707.41 


87.S6 


436.08 


2.0M,30 


4mw. 


1.e3i,25 


573.99 


1i4..7i 


Tiiehlorololuene 2-6-A 


mg 


4aji4 


26.40 


38.67 


226.13 


1.341.22 


20.60 


102.69 


483.70 


1I5.3S 


3M,S1 


134.8S 


46.78 


Ponl,achl'orotanzi6ne 


mg 


35.41 


21.42 


32,18 


tS3i.49' 


1.088.31 


16.71 


83.33 


:3a2,4a 


§3.60 


312.01 


109.45 


37.14 



POLYMUCLEAR AROMATIC H¥DRaCARBdNS 



Naphthaloint ,j 


i< 14-60' 

J! I.'OO 


8.« 
0.60 


13.20 
0.'90 


§1.40 
5.60' 


.446,50 
3Q.iO 


6.» 
0.60 


34.20 
2,40 


161 00 


38.40 
2.70 


190.00 


44.80 


1S.,20' 


AcanapWhyleino | 


1 1 20 


13.20 


3,1'0 


1,10 


AcenapMhfl'na | 


|. 4.'e0' 


3.'00i 


4.60' 


27,70 


161.70 


2.30' 


11,60 


54 70 


13.00 


84.60 


1S.:30 


6,20 


PlyorOT'B 1 


|.: 7.W' 


4.70 


1.10' 


43.60 


239. 10 


3.70 


18.30 


86 20 


20.80 


10'1,70 


24.00 


8.20 


Phenanihrane ^ 


f 64.,'ea' 


89.10 


m.m 


362,30 


1.:i8i.i50 


30,50' 


152.10 


716 40 


170.90 


iS45.20 


189.80 


67.80 


Ainlhracenai ij 


(.: 2.70 


1.'60 


2.40 


18.10 


82.60 


1.30 


6.aoi 


29 90 


7.10 


35.20 


a.:30 


2.80 


Fluoranlhene i 


*: 87.50 


S2.80' 


79.60' 


490'.50 


2.'e89.70 


41.30 


206.'60' 


970 00 


231.30 


1,144.40 


270.60 


SI. 80 


Pyrona j 


1 mm 


35.^ 


53.60 


330.20 


1,810.70 


27.80 


138.M 


653 00 


166.70 


77'0.40 


182.10 


61.80 


. BtfliO' (A) AnlhrawnB [| 


t 18,50' 


11.80 


17.70 


10i,30 


iii.so 


e.20 


4i.i§ 


216 20 


81.60 


265,10 


■60.30 


20.S0 


'C'h'iyisni' 1 


1 38.70 


23.40 


3'5.20 


217.00 


1,190.20 


18.30 


'it 10 


439 20 


102,40 


'506.40 


1 19.70 


40.60 


Banio ijBji Flyoramthane ;( 


i S2.B0' 


38.10 


57.20 


3S2.70 


1,B33.80 


28.70 


14810 


697 40 


166.30' 


822,80 


194.60 


88.00^ 


Bmnm i(B-K) F!,uor«nlh«ne I 


j 41.40 


25.00' 


■37.80 


231,80 


1,271.00 


19.S0 


97.30' 


4S8 40 


l'O't.30 


S4.fl'.eo 


117.80 


43,40 


ienzo' i(A)' Pywnt jj 


1 28.50 


17.30 


25,80 


160.00 


877.20 


13.S0 


'67.20 


316 40 


76,40' 


373,30 


«.20 


29.90 


Indmo 11-2-3 C-Di Pf rtne | 


1 13.70 


8,30 


12,S0 


76.tO 


411,10 


'6.50 


32.30 


152 20 


36.30 


179'.S0 


42,40 


14.40 


DitwMO' i(A-'iH) An!h:rae«R9 ^ 


) S.SO 


3,90 


'6.90 


36.20 


198.70 


i.10 


16.20 


71 60 


17.10 


84.S0 


20,00 


6.80 


•B#iizo i|Q..H.l| P'Siyten'Bi j 


«,30 


8.S0 


14.80 


81.40 


SOI. '00' 


7.70 


3i.4i 


180 70 


43.10 


213.20 


S0.40 


17.10 



N'^i^^.' F#iQr6S9iofiii iD9tlrn2i'l!9 ys6(t« w timoiiioiinidf im^iihiCMQ insdd 







TABLE 


A4.9 


PREDICTIVE V 


WNTlRmPR 


NG LOADIN 


Q ESTIMATES F 


DR SCARS 


ORGUGH 










UNIT8 










CATCHMENT AREA 












PARAMETER 


SI 


S2 


S3 


S4 


ss 


s» 


S7 


se 


39 


sto 


811 






914 (LI) 


912 (L2) 


ilO (L3) 


908 (L4) 


9M(LS) 


900 (L6) 


904 


918 


901 


903 


931,933,936 


aENERAL CHEMISTRY 


























Ghsmtcal Oxyaon D«mand 


T 


90.10 


IM.OO 


77.60 


225.00 


108.00 


408.00 


261.00 


209,00 


244.00 


384.00 


192.78 


Hardness 


T 


24,90 


so.eo 


21.40 


6Z.20 


29.60 


113,00 


69.30 


57.50 


67.20 


106.00 


53.11 


Phonoljcs t4AAP} 


ft 


2,020.00 


4,140.;00 


1.740. Ml 


S;060.0O 


2.420.00 


9,170iOO 


5.,640.W 


4.e90i.'00 


5,470,» 


8,620.00 


4.30S.20 


Total susp«ndad solids 


t 


14.70 


30,00 


12.60 


36,70 


17.60 


66.50 


40.90 


34.00 


39,70 


62.50 


31.37 


Ammonium 


*9 


28.40 


58,10 


24.60 


71,00 


34.00 


129.00 


79.20 


65.80 


76,80 


121.00 


60.67 


NHrates 


m 


37300 


762,00 


321.00 


932.00 


447.00 


1,690.00 


1,040.00 


863.00 


1.010.00 


1,590.00 


795.69 


Nitrite 


im 


6.16 


12.60 


5.30 


1S.40 


737 


27.90 


17.20 


14.20 


16.«) 


26.20 


13.14 


Total Kjeldahl NHrogen 


kg 


291.00 


595.00 


251.00 


728.00 


349.00 


1,320.00 


812.00 


674.00 


787.00 


1.240.00 


621.81 


Total Phosphoras 


m 


60.40 


123.00 


52.00 


161.00 


72.30 


274.00 


168.00 


140.00 


163.00 


257.00 


128.71 



BACTERIQLOQY 

EColi 

F»cal CoWorm MF 



TCts 
TCts 



4,490.000,00* 
6.430.000,00' 



9,170,000.00* 
13,100,000 00* 



3,870,000.00* 
5,540,000.00' 



11,200,000.00* 
16,100,000.00* 



5,370,000.00* 
7,700.000.50* 



20,300,000.00" 
29,100,000.00* 



12,500,000.00* 10,400,000.00* 12,099,999.00* 19,100,000.00" 9.563.400,00 
17,900,000.00* 14,800,000.00* 17.400,000.00* 27,400.002.00* 13,702,500.M 



HEAVY METAl^ 

Silver 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Iron 

Marcyry 

Manganese 

Nickel 

Lead 

Selenium 

Zinc 



9 
i<B 
9 
9 
kg 



3S5.W 


726.00 


199.00 


407.00 


118.00* 


242.00* 


5.56 


11.40 


355.00 


726.00 


1,660.00 


3.390.00 


14.20 


29.00 


543.00 


1,110.00' 


6.99 


14.30 


20.10 


41.10 


1,300.00 


2,660.00 


6.04 


12.30 


iie,Dw» 


242.00* 


21.30 


43,60 



306.00 


888.00 


425.00 


1,610.00 


MO.OO 


822.00 


960.00 


I.SIO.M 


767.89 


171.00 


497.00 


238.00 


901.00 


564,00 


460,00 


538.00 


847.00 


423.36 


102.00* 


296.00* 


142.00* 


536,00* 


330,00* 


274.00* 


320.00* 


504.00* 


253.26 


4.79 


13.90 


666 


25.20 


15.50 


12.90 


15.00 


23,70 


11.87 


306.00 


888.00 


425.00 


1,610.00 


990.00 


822.00 


960.00 


1.510,00 


767.89 


1,430.00 


4,140.00 


1.990.00 


7,510.00 


4,620.00 


3.840.00 


4,480.00 


7.060.00 


3,534.30 


12.20 


35.50 


17.00 


64.40 


39.60 


32.90 


38.40 


60.50 


30.24 


468.00 


1.360..00' 


6511.00' 


2,460.00 


1.610.00 


1,260.00 


1,470.00 


2.310.00 


t, 168,67 


6,02 


17.50 


8.37 


31.60 


19.50 


16.20 


18.90 


29.70 


• 14.89 


17.30 


50.30 


24.10 


91.20 


56.10 


46.60 


54.40 


85 70 


42.90 


1,120.00 


3,260.00 


1,560.00 


5.900.00 


3.630.00 


3,010,00 


3.S20.00 


5.540.00 


2.778.30 


5.20 


11.10 


7.23 


27.40 


16.80 


14,00 


16.30 


25.70 


12.87 


102.00* 


296,00* 


142.00* 


536.00* 


330.00* 


274,00* 


320.00* 


504.00* 


253.26 


18.40 


53.30 


25.50 


96.60 


69.40 


49.30 


57.60 


90.70 


46.36 



Notes: * regrestion estimate us«d, * traditional method used, Tcl-10^12 counts 







TABLE A4.10 


PREDICTIVE WINTER^PWNQ LOADINQ ESTIMATES FOR SCARiOROUGH 










UNITS 










CATCHMENT AREA 












PARAMETiER 


SI 


S2 


S3 


S4 


85 


SS 


S7 


Si 


80 


§10 


811 






814 (LI) 


ilf (Uji 


910^ i|L3} 


§08 (14) 


906 (LS) 


900 i|L6). 


804 


918 


801 


903 


9ai.933,i3S 


ORQANOCHLOniDEPiiTICIDES/GHLOnoeeNZENES 






















Alpha-BHC 


m 


2ao.oo 


4i9.00 


loa.M 


674,00 


275.« 


1,040.00 


640l,00' 


532.00 


621,00 


878,00 


4t8'.S1 


Qamma-BHC 


m 


176.00 


358.00 


IBIjOOi 


431,00 


210,'00 


794 jOO 


481;. 00' 


406.00 


474.00 


748.00 


374.22 


1 ,3,5-f irlc'hlofebBnMna 


m 


M4m 


499.00 


210:00 


610.00 


292 .OT 


1,100.00 


680.00' - 


564,«l 


iss.od 


1,;040.'00 


518.75 


1,a,4-frtehtoro'b«fli#ne 


m 


im.m 


11. IM.M 


476.M 


1,380.00 


662.MI 


2.500.00 


1,540.00' 


1,280,00 


1,4i0.00 


2.3SO.'0O 


1,178.36 


1',2,3'TirioWOTobeiiiene 


m 


24ijW 


SOB.W'* 


214,00* 


IS22.0O- 


20B.OO* 


1,13Q.0O' 


SS3.00* 


575.00'* 


872.00' 


1.060, 00* 


S31,M 


Htxachlgrobtrizsne 


i*" 


37.73 


77.12 


32.61 


94,46 


45. 1i 


170.85 


105.17 


87.32 


101.88 


ie0,'62 


SO, SI 


PP DDE 


:|^ 


18.34 


39.64 


i«.e« 


48.42 


23.17 


87vS3 


S3,S1 


44.76 


52.28 


82.34. 


41.17 


Alpha Chlordans 


iPi 


80.06. 


183.64 


68.97 


200.43 


96,80 


362.72 


223.16 


18'S,28 


216,39 


340.i1 


170,40 


Oiamma Chlordans 


m 


70.77 


144.iS 


SO.fl? 


177.17 


S4.7S 


320.63 


1S7.26 


1iB3.7a 


191.28 


30'1.27 


iso'.sa 


OP DDT 


■ m 


37.41 


76.46 


32.23 


03.65 


•44.80 


168,41 


104.27 


M,S7 


101,11 


169.25 


79.62 


PP DDT 


m 


12S.48 


2e4,S5 


111.54 


324.14 


155.07 


5S6.SS 


360.8B 


2:99.64 


349,84 


551. 1'S 


27S,iBfl 


Dieldrin 


m. 


mm 


1S2,Sa 


81.17 


23S,i7 


112:.S4 , 


426,aa 


262.61 


216,04 


2S4.6S 


401.07 


200.S4 


HsxactilorcMtlian'S 


m- 


21I.2S 


43.48 


18.33 


53.26 


25.48 


86.39 


Si.:30 


49,23 


57.50 


mm 


45,28 


Triclhlorobfl'OZBino 1-3-S 


:«• 


S7.31 


117,14 


48.37 


14S.47 


et,M 


258,84 


1Se.74 


1'32.83 


154.80 


243.SA 


121,88 


HnKachloTObytadisine 


m 


3a.is 


77.B7 


32.86 


95.40' 


4&.€8 


172.82 


106.32 


88.,2i 


109,10 


162.38 


81,18 


Trichlofotolueno 2-4-5 


mg 


98.13 


EM. 58 


84.64 


245.67 


117.53 


444.59 


273.62 


227,10 


265.23 


417.73 


2oa..i7 


Tolfachtorobenziene 1 -2-3-S 


mfl 


384.39 


785.68 


331.15 


962.27 


480,38 


1.741,44 


1,071.36 


«i.5S 


1,038.88 


1.'636.2S 


816,13 


Tnchlo.rot:0'lutn« Z-i-A 


mi 


i0i,33 


164.63 


77.S2 


226 13 


101.18 


«ffla.23 


■ 251.77 


208,04 


244,14 


:3a4.51 


18'2,26 


■p»nl»ehillor©lb«nrene 


.Wi 


73.30 


140.81 


63.14 


183.4S 


S7,7B 


332.06 


204.28 


ieft62 


188.10 


312.01 


1M..iO 



POLVNUCLEAR AROMATIC HYOHOCAHIONS 



Maphlhalena 1 


)i 30,10 


61.60 


25;90 


75.30 


36.OT 


136.20 


83..B0 


68.60 


81,30 


IZS.'OO 


' 64,07 


Ac«ii»ph'lhy|.enfl j 


jl 2.10 


4.30 


1,ii 


S,20 


Z.Mi 


8.40 


5:80 


4.80 


5.60 


8:90 


4,S4 


Aoenaphthena jl 


I mm 


20'.eo 


8.80 


;26.i0' 


lt.fi 


46,30 


28,.50' 


23.60 


27.601 


43.50 


21.74 


Ftyofene ' ,j 


f 16.10 


32.90 


13.90 


40.30 


1f.:30 


73,00 


44.80' 


37,30 


43.50 


66,50 


34.40 


Phe:nanlliiiren« ,| 


I 133.80 


273.50 


115.30 


334.80 


160.20 


60S. 10 


372,flOi 


308,60 


3il,'60 


668.S0 


286.38 


Anthracenn ;:{ 


1 5.60 


11.40 


4.80' 


14.00 


6.701 


25.W 


15.50' 


12:80 


16,10 


23.7i 


11.81 


Fluoran'therta ,1 


f 1«1.20 


370.30 


156.10' 


453.50 


217.00 


820.70 


S04..flQ' 


418.20 


41i.M' 


771,101 


3ii.a2 


P'yrene 1 


( 122,00 


248.30 


105. 10' 


305.30 


146.10 


652.50 


338.90' 


282.20 


:32S.60i 


518.10' 


260.06 


iartzo CA| Anthraesne 'j 


|. 40'.40 


S2.S0 


34.80' 


101.10 


48.40' 


182.90 


112.60 


93.40 


imii 


171.i0 


te.ia 


Chrystnii '.j 


1 80.20 


163.80 


68.10' 


200,70 


86.00! 


363.10 


223.40 


185.50 


:21i.iiO 


341,20 


170.16 


ionio (B) FluoranthoM :'i 


1 laO'.zo 


266.20 


112.20' 


326.00 


I56i,e 


680,100 


31^.00 


301.40 


352.00 


554,40 


277,83i 


lamio (B-K] Pluoranthen* | 


1 9S.m 


171.00 


73.70 


214,30 


102,50 


387.80 


238,60 


198.10 


231,40 


364,40 


182.57 


lifiio (A| Pyrena j 


1 68.10 


120,80 


SO,M' 


147,80 


70LS0 


267,70 


164,70 


1:36.70 


169.70 


251,50 


lae.'Ofi. 


|iind»no(1-2.3C.D}Pyfaniii' - j 


|i 28,40 


68.1'0 


24.50 


71,10 


34.00' 


fiiJi 


78,20 


65.80 


76.8(3 


121,00 


».S7 


D'ilwMO {A-H)i Anthrace'na | 


f 13.40 


27,30 


11, .50. 


33.50 


1S.Q0 


mm 


37,30 


31.00' 


36.20 


57.00 


2S..54 


Stnio (Q-H-li)' iPsrylliiie i 


) 33,70 


68:00 


29.10 


84.50 


40.40 


im.m 


S4,10 


78.10 


ei.2'0 


143,60 


72.01 



Motes: * rtgf*s.sion 'Mtima'ti' uted., # tf«dHiona|i mtthoidi used 



TABLE A4.11 



PREDICTIVE SUMMER/FALL LOADING ESTIMATES FOR SCARBOROUGH 



CATCHMENT AREA 



PARAHETIR 



UNITS 


S12 


S13 


S14 


S15 


816 


S17 


S18 




925 


913 


911 


909,915 


927 




919 


T 


275.00 


161. '00 


115.00 


109.00 


152.00 


150.50 


474.08 


T 


7S.00 


44. SO' 


31.'6Qi 


3'0..2O 


42.00 


41.60 


1 31.104 


t 


6,189.00 


3,'630,:00' 


2,S8O.'0O 


2,460,00' 


3.420.00 


3,385.00 


10,662.75 


T 


45.00 


26.30 


18.70 


17.80 


24.80 


24.60 


77.49 


H 


86.90 


S0.90 


36.10 


34.50 


48.00 


47.50 


149.63 


kg 


1,144,00 


668.00 


474.00 


452.00 


630.00 


623.00 


1,962.45 


ki 


18.B0 


11.00 


7.B3 


7.47 


10,40 


10.30 


32.45 


4 


890.00 


S22.00 


370.00 


353.00 


492.00 


467.00 


1,634.05 


to 


ia4.oo 


108.{» 


78.80 


73.20 


102.00 


101.00 


318.15 



OENERAL CHEMISTRY 

Chsmtcsl Oxygen Demaiid 

Hardnes's 

Phano'lics HAAP) 

Tola! suspended solids 

AnHTWnium 

Nitrates 

Nitrita 

Total Kjsldahl Nitrogen 

Total Phosphorus 



BACTERIOLOQY 



E-Coli 

FO'ca'l 'Cotiof mi MF 



TCls 
T'Cts 



13,700.,000,00* 
!0,7OO,CKM.iOQ'' 



8,030,000.50' 
11,500.000,00* 



5,710.000.60' 
8.1?9,0M.SO' 



S.440.000.00' 

7.799,999.50" 



7.580.000.00' 
10.900.000.00' 



7.500.000.00 
1,790,000.00 



23.62S.0O0i.0O 
33,908,500.00 



HEAVY METALS 

Silver 

Aluminum 

AfBenie 

Barium 

Cadmium 

Chromium 

Coppe'r 

Iron 

M»rcyry 

Manganese 

Nickel 

Lead 

Selenium 

attt 



9 

k9 
9 
kg 
t 
8 



1.082.00 


636.00 


452.00 


431.00 


600.00 


549.00 


1,729.35 


608.00 


356.00 


253.00 


241.00 


336.00 


332.00 


1,045.80 


258.00# 


212,0« 


1S1.00# 


144.00* 


200. 00# 


les.oo* 


623.70 


17.10 


Q.m 


7.08 


675 


9.40 


9.30 


29.30 


1,081.00 


636.00 


452.00 


431.00 


600.00 


549.00 


1.729.35 


5,066,00 


2,970.00 


2.110.00 


2.010.00 


2.800.00 


2,772,00 


8,731.80 


43.60 


25.40 


18.10 


17.20 


24.00 


23.80 


74.97 


1,i664..'00' 


873,00 


691,00 


6S9.00 


918.00' 


908.00 


2,860.20 


■ 2t.30 


12.50 


B.Sfl 


6.47 


It. 80 


11.70 


36.86 


61.60 


36.00 


25.60 


24.40 


34,00 


33.70 


106.16 


3.984.00 


2,330.00 


1,660.00 


1.580.00 


2,200.00 


2,178.00 


6.860.70 


18.40 


10.80 


7.68 


7.32 


10.20 


10.10 


31.81 


362.00# 


212.00# 


1S1.00# 


144.00* 


200.00# 


198.0O# 


623.70 


65.00 


38.20 


27.10 


25,80 


36.00 


35.60 


112.14 



Notes: * regression estimate used, # traditional method used, TctaKX^I 2 counts 



TABLE A4.12 




PREDICTIVE SUMMER/FALL LOADING ESTIMATES FOR SCARBOROUGH 






UNITS 






CATCHMENT AREA 








PARAMETER 


812 


813 


814 


S15 


816 


817 


S18 






025 


913 


911 


809.91 S 


927 




919 


ORQANOCHLORI0EPESTICIDE8/CHLOROBENZENES 














Alpha-BHC 


m 


702.00 


411.00 


282.00 


279.00 


388.00 


384.00 


1,209,60 


GanwiaBHC 


m 


535.00 


3t4,<» 


223.00 


213.00 


296,00 


293.00 


922,95 


1 ,3,S-Trichlorob*nzeM 


m 


745.00 


437.00 


310.00 


296.00 


412,00 


408.00 


1,285,20 


1 ,2,4-Trichlorob9nzene 


tm 


1,695.00 


890.00 


703.00 


671.00 


934,00 


925.00 


2,913,75 


1 ,2,3-Trichloroberuwi« 


m 


760.00- 


44S.(»' 


316.00* 


302.00' 


420.00* 


416.00* 


1,310.40 


HexacMorobenzsfift 


m 


If 5.37 


67.58 


48.00 


4S.76 


63.74 


62,91 


198.23 


PP DDE 


m 


59.14 


34.S4 


24.60 


23.46 


31.67 


32.25 


101.62 


Alpha Chlordane 


m, 


244.79 


143.aa 


101.84 


97.10 


135,24 


133.48 


420.60 


Gamma Chlordan« 


m 


216.39 


126.72 


90.02 


85.84 


119.SS 


118.00 


371.80 


OP DOT 


m 


114.38 


66.98 


47.58 


45.37 


63.19 


62.37 


196.53 


PPDDT 


m 


39S.87 


231.84 


164.69 


157.04 


218,72 


215.87 


680,20 


Oi«ldrin 


m 


288.07 


168.71 


119.64 


114.27 


159.16 


157.09 


494.98 


Hexachloroelhane 


m 


65.05 


38.09 


27.06 


25.80 


36.94 


35.47 


111.77 


TriiChteirobenzone 1-3-S 


m 


175.23 


loa.si 


72.80 


68.61 


mai 


95.55 


301,08 


Hexachlofobutadiane 


mo 


1 16.63 


68.30 


48.S2 


46.27 


64,44 


63.60 


200.40 


Trictitorololuene 2-4*S 


mg 


300.04 


17S.71 


124.82 


119.02 


165,77 


163.61 


515,54 


T«trachlorob«nz«ne 1-2-3-5 


mg 


1,175.25 


688.27 


488.93 


466.20 


649.31 


640.87 


2,019.35 


Trichlorotoluens Z-6-A 


mo 


276,18 


161.74 


114.90 


109.56 


152.59 


150.60 


474.64 


P«ntachtorobenzeno 


m 


224.10 


131.24 


93.23 


88.90 


123.81 


122.20 


385.06 



POLYNUCLEAR AROMATIC NYDROCARBONS 



Naphthalane 





91.90 


53.80 


38.30 


36.60 


S0.80 


50.10 


157.82 


Acenaphthylane 


t 


6.40 


3.70 


2.70 


2.50 


3.H) 


3.50 


11.03 


Acenaphthane 


t 


31.20 


18.30 


13.00 


12.40 


17.30 


17.00 


53.55 


Fluorana 


i 


49.20 


28.80 


20.60 


10.50 


27.20 


26.80 


84.42 


Phananthrena 


« 


409.10 


239.60 


170.20 


162.30 


226.00 


223.10 


702.77 


Anlhiracen<B 


i 


17.10 


10.00 


7.10 


6.80 


i.40 


9.30' 


28,30 


Filiioranlh«ne 


« 


653.90 


324.40 


230.40 


219.70 


30S.00 


302.00 


951.30 


Pyrene 


ir 


372.90 


216.40 


155.10 


147.90 


206.00 


203,30 


640.40 


Banzo (A) Anthracene 


i 


123.40 


72.30 


51.40 


49.00 


68.20 


67.30 


211.99 


Chrysena 


« 


245.10 


143.50 


102.00 


97.20 


135.40 


133.60 


420.84 


Benzo (B) Fluoranthena 


s 


398.20 


233.20 


165.70 


158.00 


220.00 


217.10 


683.87 


Benzo (BK) Fluoranthena 





261.70 


153.30 


108.90 


103.80 


144.60 


142.70 


449.50 


Banzo (A) Pyfenfli 


g 


1B0.60 


105.80 


7S.10 


71.70 


99.80 


90.50 


310.28 


Indano (1-2-3 C-D) Pyrene 


9 


66.90 


50.90 


36.10 


34.50 


48.00 


47.40 


149.31 


Dibenzo (A-H) Anthracene 


g 


40.90 


24.00 


17.00 


16.20 


22.60 


22.30 


70.25 


Benzo (Q-H-l) Peiylene 


9 


103.20 


60.40 


42.90 


40.90 


S7.00 


56.30 


177.35 



Notes: * regression estinute uted, # trMtttional rrwthod used 



